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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a catalyst component capable of providing a highly active catalyst for ethylen- 
ically unsaturated monomer polymerization when used in combination with a transition metal compound such as a met- 
allocene compound. The invention also relates to a catalyst for ethylenically unsaturated monomer polymerization 
which comprises said catalyst component and a transition metal compound such as a metallocene compound and to a 
process for ethylenically unsaturated monomer polymerization using said catalyst. 

RACKGROUNO OF THE INVENTION 

[0002] Titanium catalysts comprising a titanium compound and an organoaluminum compound and vanadium cata- 
lysts comprising a vanadium compound and an organoaluminum compound have conventionally been known as cata- 
lysts for producing (co)polymers of ethylenically unsaturated monomers (sometimes referred to as "ethylenically 
unsaturated monomer (co)polymers" hereinafter), such as polyethylene, polypropylene, poly-4-mettiyM-pentene, eth- 
ylene/propylene copolymer, ethylene/styrene copolymer and ethylene/propyl en e/butene terpolymer. 
[0003] Ziegler catalysts comprising a metallocene compound such as zirconocene and an organoaluminum oxy-com- 
pound (aluminoxane) or a boron compound such as tris(pentaf luorophenyl)borane have been known as catalysts capa- 
ble of producing olefin polymers with high activities. 

[0004] Further, catalysts comprising a nickel compound or a palladium compound and a co-catalyst such as an alu- 
minoxane or an ionic compound have been proposed (J. Am. Chem. Soc, 1995, 117, 6414-6415). 
[0005] Because of their excellent mechanical properties, ethylenically unsaturated monomer (co)polymers such as 
polyolefins have been used in various fields such as for molded products. In recent years, there have been diverse 
demands for physical properties of the ethylenically unsaturated monomer (co)polymers, so that such polymers show- 
ing various properties have been desired. 

[0006] Under such circumstances as mentioned above, there has been desired development of a novel co-catalyst 
component exhibiting an excellent polymerization activity and capable of producing ethylenically unsaturated monomer 
(co)polymers of excellent properties. 

OBJECT OF THE INVENTION 

[0007] The present invention has been made in view of the prior art as described above. It is an object of the invention 
to provide a novel catalyst component capable of exhibiting a high ethylenically unsaturated monomer polymerization 
activity when used in combination with a transition metal compound such as a metallocene compound. 
[0008] It is another object of the invention to provide a highly active catalyst which comprises said catalyst component 
and capable of producing polymers of high molecular weight. 

[0009] It is a further object of the invention to provide a process for ethylenically unsaturated monomer polymerization 
using said catalyst. 

SUMMARY OF THE INVENTION 

[001 0] The catalyst component for ethylenically unsaturated monomer polymerization according to the invention com- 
prises a compound obtained by the reaction of the following compounds (i), (ii), (Hi) and optionally (iv) in any order: 

(i) a compound comprising a metal of Group 13 of the periodic table; 

(ii) a compound capable of reacting with the compound (i) to be bonded to two or more of the Group 1 3 metal; 

(iii) a compound capable of reacting with a compound comprising a metal of Group 13 of the periodic table to form 
an ionizing ionic compound; and 

(iv) at least one compound selected from a hydrocarbon compound, a halogenated hydrocarbon compound, a 
hydroxyhydrocarbon compound, a silanol compound, a boronic acid compound, an organic carboxylic acid com- 
pound, an organic sulfonic acid compound, a hydroxylamine compound, a sulfonamide compound, a ketoimide 
compound, an amide compound, an oxime compound, an amine compound, an imide compound, a diimine com- 
pound, an imine compound, a diketone compound, and metallic salts thereof. 

[001 1 ] The catalyst component for ethylenically unsaturated monomer polymerization according to another aspect of 
the invention comprises a compound obtained by the reaction of the following compounds (i), (ii) and optionally (iv) in 
any order, and then further the following compound (iii): 
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(i) a compound represented by the following formula: 

MR 1 R 2 R 3 

5 wherein M is an atom of Group 13 of the periodic table; R 1 , R 2 and R 3 may be the same or different and are each 

a halogen atom, a hydrogen atom, a hydroxy group or an organic group; and two groups of R\ R 2 and R 3 may be 
bonded to form a ring; 

(ii) a compound capable of reacting with the compound (i) to be ended to two or more M; 

(iii) a compound capable of reacting with a compound comprising a metal of Group 13 of the periodic table, prefer- 
w ably with the reaction product obtained by reacting the compound (i), the compound (ii) and optionally the com- 
pound (iv) in any order, to form an ionizing ionic compound; 

(iv) at least one compound selected from a hydrocarbon compound, a halogenated hydrocarbon compound, a 
hydroxyhydrocarbon compound, a silanol compound, a boronic acid compound, an organic carboxylic acid com- 
pound, an organic sulfonic acid compound, a hydroxy lamine compound, a sulfonamide compound, a ketoimide 

is compound, an amide compound, an oxime compound, an amine compound, an imide compound, a diimine com- 
pound, an imine compound, a diketone compound, and metallic salts thereof. 

[0012] The compound (i) is, for example, an aluminum compound represented by the following formula: 

20 R^AKOR^Xp 

wherein R a and R b may be the same or different and are each a hydrocarbon group of 1 to 15 carbon atoms; X is a 
halogen atom; and m, n and p are numbers satisfying the conditions of 0<m^3, 0^n£3, 0<p^3 and m+n+p = 3 . 
[001 3] The compound (ii) is, for example, at least one compound selected from the group consisting of H 2 0, H 2 S and 
25 compounds represented by the following formulae: 



^ COOH ^ OH 

R 4 NH 2 R 5 R 5 ^ 

^ COOH ' ' OH ' 

30 

r6 o or 8 

R* R 4 -S~N y S — N — H 

^ N— H I H / ' 

3 $ p7 0 / O 

K R 5 



40 



45 



S — N — H 



B I 0 

O R 



H o 

C— N-OH I ^ H 

R 4 —.C— N 
C — N- OH ^H 
H 



y s — on 

OR 8 / I 

1 ' R* ° 

^ C — N— OH R 
so r ^ HN NH 



C-N-OH A A X S— OH 

OR 9 R 8 R 9 O 



55 



wherein R 4 is a hydrogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silicon-containing group, a 
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germanium-containing group, a tin-containing group or an oxygen-containing group; R 5 is a divalent hydrocarbon group, 
a divalent halogenated hydrocarbon group, a divalent silicon-containing group, a divalent germanium-containing group, 
a divalent tin-containing group, a divalent boron-containing group or a single bond; R 6 and R 7 may be the same or dif- 
ferent and are each a hydrogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silicon-containing 
5 group, a germanium-containing group, a tin-containing group or an oxygen-containing group; each of R 6 and R 7 may 
be bonded to a carbon atom for constituting R 5 to form a ring; and R 8 and R 9 may be the same or different and are each 
a hydrogen atom, a hydrocarbon group or a halogenated hydrocarbon group. 

[0014] The compound (iii) is, for example, a compound capable of forming an ionizing ionic compound having a car- 
bonium cation, an oxonium cation, an ammonium cation, a phosphonium cation, a cycloheptyltrienyl cation or a ferro- 
w cenium cation. 

[001 5] The compound (iv) is, for example, at least one compound selected from compounds represented by the fol- 
lowing formulae: 

R 10 X, 

75 

R 10 H, 
R 10 OH, 

20 R 10 R 11 NH, 

R 10 COOH, 
R 10 SO 3 H, 

25 

R 10 R 11 CNOH, 
R 10 R 11 NOH, 

30 R 10 CONHR 11 , 

R 10 SO 2 NHR 11 , 
R 10 COCH 2 COR 11 ,and 

35 

R 10 C(=NH)CH 2 COR 11 

wherein R 10 is a hydrocarbon group, a halogenated hydrocarbon group, a silicon-containing group, a germanium-con- 
taining group, a tin-containing group or a boron-containing group; R 11 is a hydrogen atom, an alkoxy group, or any of a 
40 hydrocarbon group, a halogenated hydrocarbon group, a silicon-containing group, a germanium-containing group, a tin- 
containing group and a boron-containing group each of which is the same as or different from R 10 ; and X is a halogen 
atom. 

[001 6] The other catalyst component for ethylenically unsaturated monomer polymerization according to the invention 
is represented by the following formula: 

45. 

? ? ? 

( [Q-M-Y-(M-Y-) n M-Q- (Z"J) m ] ) • ( [A] k+ ) r 

50 

wherein each M may be the same or different and is an atom of Group 13 of the periodic table; n is an integer of 0 or 
more; Y is a divalent bonding group, and when n is 1 or more, plural Y may be the same or different; Z is a group capable 
of being bonded to one or more M; m is an integer of not less than 1 and not more than n+1 ; each Q may be the same 
or different and is a group selected from the following groups: R 10 — , R 10 O— . R 10 R 11 N— . R 10 COO— . R 10 SO 3 — 
55 R 10 SO 2 — . R 10 CO— . R 10 R 11 CNO— . R 10 R 11 NO— , 
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R10CONR 11 , R^SOsNR", Rl°C(=N)CHCORH, 

5 

<»S^r^^ 

Ling group, a an-containing group ; or a wT» germing training group. 

' 5 ^ coo- o- 

>5 R 5 _ 



30 



35 



"45 



50 



55 



-O- , -S- , R 4 N , R 



COO- ' o- 



O R 8 



20 I I 

R 6 0 /S-N- 



R 5 ^ R 4 ~S-N R S 



o 



BP O M-N- 



I I 



H 



O 



^ C — N- O— 

R s r*-c-n; 

C-N- O- 
H 



O R O 

11 \ / R v O 

C-N-O- • x - --' ° 



O 
I 

s— o- 



R 5 II " S-O- 

40 ^ C — N— O— /\/\ I 



» L 0 „8 »9 O 



O R 9 



wherein R 4 is a hydrogen atom, a hydrocarbon group, a 

germanium-containing group, a tin-containing group or an WE2T!En£2J! J^rfJi,.^ group, 
a divalent halogenated hydrocarbon group, a d,va.ent r^^^^S^Srf and R? may be the same or dif- 
a divalent tin-containing group, a divalent boron^onta.n.ng W"^"*^ y , siliconK: ontaining 
ferent and are each a hydrogen atom, a hydrocarbon group, a I 9*i: <*ch R 6 and R 7 may be 

group, a germanium-containing group, a tn-contam.ng group ^r « ^Sw^ or different and are each 
bonded to a carbon atom for constituting R to form a r.ng; and R and I R may be 

a hydrogen atom, a hydrocarbon group or a halogenated hydrocarbon W , r0 m a halogen anion, a hydride, 

pcaifconate. a triffiiocarbonata. a suHmm a sulfate and la P^^ 8 ^^ „, , Mftonium „„„„. an oxonium 
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ions of Groups 1 and 1 1 of the periodic table, but not limited thereto. 

[0020] The catalyst for ethylenically unsaturated monomer polymerization according to the invention comprises: 

(A) a compound of a transition metal selected from Groups 3 to 12 of the periodic table, 

(B) the above-described catalyst component, and 

(C) an organic compound containing an element of Group 13 of the periodic table. 

[0021] The catalyst for ethylenically unsaturated monomer polymerization according to the invention may further com- 
prise a particulate carrier (D) on which only the component (A) is supported or the component (B) and/or the component 
(C) is supported together with the component (A). 

[0022] The process for ethylenically unsaturated monomer polymerization according to the invention comprises 
polymerizing or copolymerizing an ethylenically unsaturated monomer in the presence of the above-described catalyst. 

BRIEF DESCRIPTION OF THE DRAWING 

[0023] 

Fig. 1 an explanatory view showing steps of a process for preparing a catalyst containing a catalyst component for 
ethylenically unsaturated monomer polymerization according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] The catalyst component for ethylenically unsaturated monomer polymerization, the catalyst for ethylenically 
unsaturated monomer polymerization and the process for ethylenically monomer polymerization according to the inven- 
tion are described in detail hereinafter. 

[0025] The catalyst component for ethylenically unsaturated monomer polymerization according to the invention com- 
prises a compound obtained by the reaction of the following compounds (i), (ii). (iii) and optionally (iv) in any order, pref- 
erably a compound obtained by the reaction of the following compounds (i). (ii) and optionally (iv) in any order, and then 
further the following compound (iii): 

(i) a compound comprising an atom of Group 13 of the periodic table, preferably a compound represented by the 
following formula: 

MR 1 R 2 R 3 

wherein M is an atom of Group 13 of the periodic table; R 1 , R 2 and R 3 may be the same or different and are each 
a halogen atom, a hydrogen atom, a hydroxy group or an organic group; and two groups of R 1 , R 2 and R 3 may be 
bonded to form a ring; 

(ii) a compound capable of reacting with the compound (i) to be bonded to two or more of the Group 13 metals; 

(iii) a compound capable of reacting with a compound comprising a metal of Group 13 of the periodic table, prefer- 
ably with the reaction product obtained by reacting the compound (0. the compound (ii) and optionally the com- 
pound (iv) in any order, to form an ionizing ionic compound; 

(iv) at least one compound selected from a hydrocarbon compound, a halogenated hydrocarbon compound, a 
hydroxyhydrocarbon compound, a silanol compound, a boronic acid compound, an organic carboxylic acid com- 
pound, an organic sulfonic acid compound, a hydroxylamine compound, a sulfonamide compound, a ketoimide 
compound, an amide compound, an oxime compound, an amine compound, an imide compound, a diimine com- 
pound, an imine compound a diketone compound, and metallic salts thereof. 

[0026] First of all, the constituents used for preparing the catalyst component for ethylenically unsaturated monomer 
polymerization according to the invention are described. 

(\) Compound comprisin g a metal of Group 13 of the periodic table 

[0027] The compound (i) comprising a metal of Group 13 of the periodic tale for use in the invention is preferably a 
compound represented by the formula MR 1 R 2 R 3 . 

[0028] In the compound (i) represented by the formula MR 1 R 2 R 3 M is an atom of Group 13, specifically boron, alu- 
minum, gallium, indium or the like, particularly preferably boron or aluminum. 

[0029] R 1 , R 2 and R 3 may be the same or different and are each a halogen atom, a hydrogen atom, a hydroxy group 
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or an organic group. Two groups of R\ R 2 and R 3 may be bonded to form a ring. 

[0030] The halogen atom is fluorine, chlorine, bromine or iodine. Above all, chlorine or bromine is preferable. 
[0031] The organic group is, for example, a hydrocarbon group, a halogenated hydrocarbon group, a hydrocarbon- 
substituted silyl group, an alkoxy group or an aryloxy group. Above all, a hydrocarbon group of 1 to 20 carbon atoms, a 
5 silyl group substituted with a hydrocarbon of 1 to 20 carbon atoms, an alkoxy group of 1 to 20 carbon atoms or an ary- 
loxy group of 6 to 20 carbon atoms is preferable. 

[0032] Examples of the hydrocarbon groups of 1 to 20 carbon atoms include alky! groups, cycloalkyl groups, alkenyl 
groups, arylalkyl groups and aryl group. Specifically, there can be mentioned alkyl groups, such as methyl, ethyl, propyl, 
butyl, hexyl, octyl. nonyl, dodecyl and eicosyl; cycloalkyl groups, such as cyclopentyl, cyclohexyl, norbornyl and ada- 
10 mantyl; alkenyl groups, such as vinyl, propenyl and cyclohexenyl; arylalkyl groups, such as benzyl, phehyethyl and phe- 
nylpropyl; and aryl groups, such as phenyl, tolyl, dimethylphenyl. trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, 
naphthyl, methylnaphthyl, anthryl and phenanthryl. 

[0033] Examples of the halogenated hydrocarbon groups include the aforementioned hydrocarbon groups of 1 to 20 
carbon atoms which are substituted with halogen atoms. 
is [0034] Examples of the silyl groups substituted with hydrocarbons of 1 to 20 carbon atoms include monohydrocarbon- 
substituted silyls, such as methylsilyl and phenylsilyl; dihydrocarbon-substituted silyls, such as dimethylsilyl and diphe- 
nylsilyl; and trihydrocarbon-substituted silyls, such as trimethylsilyl, triethylsilyl, tripropylsilyl, tricyclohexylsilyl, triphe- 
nylsilyl. dimethylphenylsilyl, methyldiphenylsilyl, tritolylsilyl and trinaphthylsilyl. 

[0035] Examples of the alkoxy groups of 1 to 20 carbon atoms include methoxy, ethoxy, propoxy and butoxy. 
20 [0036] Examples of the aryloxy groups of 6 to 20 carbon atoms include phenoxy, methylphenoxy, dimethylphenoxy 
and naphthoxy. 

[0037] Preferred examples of the compounds represented by MR 1 R 2 R 3 include aluminum compounds represented 
by the formula: 

25 R^AKOR^nXp 

wherein R a and R b may be the same or different and are each a hydrocarbon group of 1 to 1 5 carbon atoms, preferably 
1 to 4 carbon atoms; X is a halogen atom; and m, n and p are numbers satisfying the conditions of 0£ms3, 0<n^3. 
0<p<3 and m+n+p = 3 . 
30 [0038] More specifically, there can be mentioned: 

(1) aluminum compounds represented by the formula: 

R a m AI(OR b ) 3 . m 

35 

wherein R* and R b may be the same or different and are each a hydrocarbon group of 1 to 15 carbon atoms, pref- 
erably 1 to 4 carbon atoms; and m is preferably a number satisfying the condition of 1.5^m<3; 

(2) aluminum compounds represented by the formula: 

40 R a n\MX 3 . m 

wherein R* is a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms; X is a halogen atom; 
and m is a number satisfying the condition of 0£m<3; and 

(3) aluminum compounds represented by the formula: 

R^AKOR^Xp- 

wherein R a and R b may be the same or different and are each a hydrocarbon group of 1 to 15 carbon atoms, pref- 
erably 1 to 4 carbon atoms; X is a halogen atom; and m, n and p are numbers satisfying the conditions of 0<m^3. 
so 0^n<3, 0<p<3 and m+n+p = 3 . 

[0039] More specific examples of the aluminum compounds include: 

tri-n-aikylaluminums. such as triethylaluminum. tri-n-butylaluminum and tri-n-octylaluminum; 
55 tri-branched chain alkylaluminums. such as triisopropylaluminum. triisobutylaiuminum, tri-sec-butylaluminum, tri- 
tert-butylaluminum, tri-2-methylbutylaluminum, tri-3-methylbutylaluminum, tri-2-methylpentylaluminum, tri-3-meth- 
ylpentylaluminum, tri-4-methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-methylhexylaluminum and tri-2- 
ethylhexylaluminum; 
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tricycloalkylaluminums, such as tricyclohexylaluminum; 
triarylaluminums, such as triphenylaluminum and tritolylaluminum; 
trialkenylaluminums, suchastriisoprenylaluminum; 

alkylaluminum alkoxides, such as isobutyialuminum methoxide, isobutylaluminum ethoxide and isobutylaluminum 
5 isopropoxide; 

dialkylaluminum alkoxides. such as diethylaluminum ethoxide and dibutylaluminum butoxide; 
alkylaluminum sesquialkoxides, such as ethylaluminum sesquiethoxide and butylaluminum sesquibutoxide; 
partially alkoxylated alkylaluminums having an average composition represented by R a 2.5AKO Rb )o.5 or tne ,ike : 
dialkylaluminum halides, such as diethylaluminum chloride, dibutylaluminum chloride and diethylaluminum bro- 
70 mide; 

alkylaluminum sesquihalides, such as ethylaluminum sesquichloride, butylaluminum sesquichloride and ethylalu- 
minum sesquibromide; 

partially halogenated alkylaluminums, such as alkylaluminum dihalides, e.g., ethylaluminum dichloride. propylalu- 
minum dichloride and butylaluminum dibromide; 
is partially alkoxylated and halogenated alkylaluminums, such as ethylaluminum ethoxychloride, butylaluminum 
butoxychloride and ethylaluminum ethoxybromide; 

aluminum trihalides, such as aluminum trichloride and aluminum tribromide; 
halogenated-arylaJuminum, such as tris(pentafluorophenyi)aluminum; and 
halogenated-alkylaluminum, such as tris(trifluoromethyf)aluminum. 

[0040] Further, preferable compounds of the formula MR 1 R 2 R 3 include: 

halogenated-arylboron, such as tris(pentafluorophenyl)borqn; and 
halogenated-alkylboron, such as tris(trif luoromethyl) boron. 

[0041] Still further, as preferable examples of the compounds of formula MR 1 R 2 R 3 , there may be mentioned BH 3 . 
boronic acid, B(OH) 3 , AI(OH) 3 and the like. 

[0042] The compounds (i) mentioned above can be used singly or in combination of two or more kinds. 

30 (ii) Compound capable of reacting with the compound (i) to be bonded to two or more of the Group 13 metal 

[0043] The compound (ii) capable of reacting with the compounds (i) to be bonded to two or more of the Group 13 
metal is preferably a compound which can react with two or more molecules of the compound MR 1 R 2 R 3 and provide 
the resulting compound with a bridged structure wherein the compound (ii) is bonded to two or more M of the com- 
35 pounds (i). Specifically, the compound (ii) is at least one compound selected from the group consisting of H 2 0, H 2 S and 
compounds represented by the following formulas: 

^» COOH ^ OH 

^ COOH ' OH 



45 



50 



25 



55 
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wherein R 4 is a hydrogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silicon-containing group, a 

germanium-containing group, a tin-containing group or an oxygen-containing group. 
30 [0044] The hydrocarbon group is specifically a hydrocarbon group of 1 to 20 carbon atoms, and examples thereof 

include alkyl groups, such as methyl, ethyl, propyl, butyl, hexyl, octyl. nonyl, dodecyl and eicosyl; cycloalkyl groups, 

such as cyclopentyl, cyclohexyl, norbornyl and adamantyl; alkenyl groups, such as vinyl, propenyl and cyclohexenyl; 

arylalkyl groups, such as benzyl, phenylethyl and phenylpropyl; and aryl groups, such as phenyl, toiyl, dimethyiphenyl, 

trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, naphthyl, methylnaphthyl, anthryl and phenanthryl. The aryl 
35 groups may be substituted with one or more of the above-mentioned alkyl groups. 

[0045] Examples of the halogenated hydrocarbon groups include those wherein the above-mentioned hydrocarbon 

groups of 1 to 20 carbon atoms are halogenated. 

[0046] Examples of the silicon-containing groups include alkylsilyl groups, such as trimethylsilyl, triethylsilyl and 
dimethyltrif luoromethylsilyl; halogenated alkylsilyl groups; arylalkylsilyl groups, such as tribenzylsilyl, dimethytphenylsi- 
40 lyl and trrfluoromethyldiphenylsilyl; halogenated arylalkylsilyl groups; arylsilyl groups, such as triphenylsilyl and tripen- 
tafluorophenylsilyl; halogenated arylsilyl groups; alkylsilyloxy groups, such as trimethylsilyloxy, dimethylphenylsiiyloxy 
and triphenylsilyloxy; arylalkylsilyloxy groups; and arylsilyloxy groups. 

[0047] Examples of the germanium-containing groups include those wherein silicon is replaced with germanium in 
the above- exemplified silicon-containing groups. 
45 [0048] Examples of the tin-containing groups include those wherein silicon is replaced with tin in the above- exempli- 
fied silicon-containing groups. 

[0049] Examples of the oxygen-containing groups include alkylalkoxy groups, arylalkoxy groups and alkylarylalkoxy 
groups, such as methoxy, ethoxy, phenoxy, triphenylcarbinoxy and benzyloxy; and halogenated alkylalkoxy groups, hal- 
ogenated arylalkoxy groups and halogenated alkylarylalkoxy groups, such as the above-mentioned groups which are 
so partically halogenated. 

[0050] Of the above groups, preferable are alkyl groups, aryl groups, halogen-substituted alkyl groups and halogen- 
substituted aryl groups. 

[0051] R 5 is a divalent hydrocarbon group, a divalent halogenated hydrocarbon group, a divalent silicon-containing 
group, a divalent germanium-containing group, a divalent tin-containing group, a divalent boron-containing group or a 
55 single bond. 

[0052] The preferable divalent hydrocarbon group is specifically a divalent hydrocarbon group of 1 to 20 carbon 
atoms, and examples thereof include alkylene groups, such as methylene, dimethylmethylene. 1 ,2-ethylene, dimethyl- 
1,2-ethylene, 1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexylene and 1 ,4-cyclohexylene; arylalkylene groups. 
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such as diphenylmethylene and diphenyl-1,2-ethylene; and arylene groups, such as phenylene and naphthylene. 
[0053] Examples of the divalent halogenated hydrocarbon groups include those wherein the above-exemplified hydro- 
carbon groups of 1 to 20 carbon atoms are halogenated, such as chloromethylene. 

[0054] Examples of the divalent silicon-containing groups include alkylsilylene groups, arylsilylene groups and alky- 
larylsilylene groups, such as silylene, methylsilylene, dimethylsilylene, diethyisilylene, diphenylsilylene and methylphe- 
nylsilylene; alkyldisilylene groups, aryldisilylene group and alkylaryldisilylene groups, such as tetramethyl-1,2-disilylene 
and tetraphenyl-1,2-disilylene; and halogenated alkylsilylene groups, halogenated aryl silylene groups, halogenated 
alkylarylsilylene groups, halogenated alkyldisilylene groups, halogenated aryldisilylene groups and halogenated alky- 
laryldisilylene groups, such as the above-mentioned groups which are partially halogenated. 

[0055] Examples of the cfivalerrt germanium-containing groups include those wherein silicon is replaced with germa- 
nium in the above-exemplified divalent silicon-containing groups. 

[0056] Examples of the divalent tin-containing groups include those wherein silicon is replaced with tin in the above- 
exemplified divalent silicon-containing groups. 

[0057] Examples of the divalent boron-containing groups include those of the formula -BR 5 *- (R 5, is a hydrocarbon 
group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms or an oxygen-containing 
group, such as those described for R 4 ). 

[0058] R 6 and R 7 may be the same or different and are each selected from a hydrogen atom, a hydrocarbon group, 
a halogenated hydrocarbon group, a silicon-containing group, a germanium-containing group, a tin-containing group 
and an oxygen-containing group. Examples of such groups include those previously described for R 4 . R 6 may be 
bonded to a carbon atom for constituting R 5 to form a ring, and R 7 may also be bonded to a carbon atom for constituting 
R 5 to form a ring. Of these, preferable is an alkyl group. 

[0059] R 8 and R 9 may be the same or different and are each selected from a hydrogen atom, a hydrocarbon group 
and a halogenated hydrocarbon group. Examples of such groups include those previously described for R 1 to R 3 . Of 
these, preferable is an alkyl group. 

[0060] Of the aforementioned compounds (ii), particularly preferable are H 2 0 and those of the above formulae 
wherein R 4 or R 5 is an alkyl group, an aromatic hydrocarbon group, a silicon-containing group, a boron -containing group 
or a halogen-containing group. 

[0061] It is presumed that the compounds (ii) react with the compounds (i) to form, for example, the following bridged 
structures in the resulting compounds. 
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H 2 0 — ^ M-O-M^ 

H 2 S — ^M-O-M^ 

R 4 NH 2 ~ ^ M-NR 4 -M^ 

w 

COOH ^ COO— 
COOH COO-M, 

15 



30 



OH ^ O-M^ 

OH O-M^ 

N-H N-M ^ 

N-H N-M _ 

R 7 R 7 ^ 

H H 

C=N— OH ^ C=N-0-M 

R 5 C * r5 ^ 

C=N-OH C=N-0-M 
H H 

R 4_ S _ N 

B M 

35 o " O 

R 4 -C-N^ ^ 

40 n M _ 




50 



55 
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[0062] Examples of the compounds (ii) are given below: 

[0063] Examples of the compounds represented by R 4 NH 2 include PhNH 2 , EtNH 2 . Ph 3 CNH 2 , Ph3SiNH 2 , Me 3 SiNH 2 , 
Ph-0-NH 2( Et-0-NH 2 . Ph 3 C-0-NH 2 , Me 3 Si-0-NH 2 , 




55 [0064] Examples of the compounds represented by 



BIMSOOCID: <EP 0924223A2_I_> 



12 



EP 0 924 223 A2 



COOH 



COOH 



include 



10 



F ,COO- 
F (\ />>-COO- 



75 




.COO— 



C^ cooh 




K 



coo- 



coo- 



20 




-OOC " cOO- ~OOCCH 2 CH 2 COO- 



25 



[0065] Examples of the compounds represented by 



30 



OH 



OH 



include HOCH2CH2OH, Ph 2 Si(OH) 2l Me 2 Si(OH) 2 . MeB(OH) 2 . CH 3 (CH 2 ) 3 B(OH) 2 , PhB(OH) 2 
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F ,N (Me ) H (Me) H 




F-^ ^ — N (Me) H ^ j^r— N (Me) H 

' >!H 




54 



N (Me) H 




H (Me) N N (Me) H 




N (Me) H 



H (Me) NCH 2 CH 2 N (Me) H 



H H H H H H 

C 4 H 9 — JX — C 4 H 9 Me— .N — Me Me— ^8- 

Si Si Si 

/ \ / \ / \ 

Me Me Me Me . Pn ph 



25 [0067] Examples of the compounds represented by 



30 



R 4_ S _ N 

h H 



include PhS0 2 NH 2 , CF 3 S0 2 NH 2 , CH 3 S0 2 NH 2 , 



35 



40 




— 45 [0068] Examples of the compounds represented by 



R 4 -C-N 

50 ■ jj 



include PhCONH 2 and EtCONH 2 . 
ss [0069] Examples of the compounds represented by 
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0 R a 

1 I 

S — N — H 
I 

O 

S — N — H 



include CF 3 CH(S0 2 N(Me)H)2, CF 3 CH(S0 2 NH). 



15 ^S0 2 N(Me)H 



^ y- SQ 2 N(Me)H 



20 



[0070] Examples of the compounds represented by 

25 O R 8 

I I 
^ C — N — H 

C— N— H 

30 1 I q 

O R 9 



include 

35 



CON (Me) H 
f=/-\ 

•CON (Me) H 

\\ // 

40 



[0071] Examples of the compounds represented by 

45 



50 

include 

55 



HN NH 
1 I 

/V\ 
R 8 R 9 
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[0072] Examples of the compounds represented by 

10 



' H 

^ C — N- OH 



1S ^ C— N-OH 



H 



20 include 



Ph, P H 



C=N 

! / 



25 i , ok 

C=N 

Ph 



30 

[0073] Examples of the compounds represented by 



O 
I 

S— OH 



35 /, 

N S — OH 

a 

40 o 



include 



SO3H 



so 



[0074] The compounds (ii) mentioned above can be used singly or in combination of two or more kinds. 

S5 m Compound capable of reacting with compound compri s i ng a m etal of Group 1 3 of the periodic table to form ionizing 
ionic compound 

[0075] The compound (iii) captable of reacting with a compound comprising a metal of Group 1 3 of the peirodic table 
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to form an ionizing ionic compound includes, for example, a compound capable of reacting with the above-mentioned 
compound MR 1 R 2 R 3 to form an ionizing ionic compound; a compound capable of reacting with the reaction product of 
the compound (i), the compound (ii) and optionally the later-described compound (iv) in any order of reaction to from 
an ionizing ionic compound; and a compound capable of reacting with LiB(C 6 F 5 )4, UB(Ph) 4( LiAI(C 6 F 5 ) 4 or LiAI(Ph) 4 to 
form an ionizing ionic compound. 

[0076] As preferred examples of the compounds capable of reacting with a compound comprising a Group 13 metal 
to form an ionizing ionic compound, there can be mentioned compoundscapable of forming ionizing ionic compounds 
having any of a cation which can impart a proton and a cation which does not impart a proton, such as a carbonium 
cation, an oxonium cation, an ammonium cation, a phosphoniurn cation, a cycloheptyltrienyl cation and a ferrocenium 
cation. 

[0077] Specifically, there can be mentioned alkyl metallic salts such as methyllithium, alkoxy metallic salts such as 
methoxylithium, triphenylchloromethane, acetyltriphenylmethane, potassium triethyiboron hydride, bis(r|-cyclopentadi- 
enyl)iron sulfate, N.N-dimethylanilinium chloride and triethylammonium chloride. 

[0078] The compounds (iii) mentioned above can be used singly or in combination of two or more kinds. 
Compound (iv) 

[0079] The compound optionally used in the invention is a compound which provides a substituent useful as a co- 
catalyst to M derived from the compound (i), and is specifically at least one compound selected from a hydrocarbon 
compound, a halogenated hydrocarbon compound, a hydroxyhydrocarbon compound, a silanol compound, a boronic 
acid compound, an organic carboxylic acid compound, an organic sulfonic acid compound, a hydroxylamine compound, 
a sulfonamide compound, a ketoimide compound, an amide compound, an oxime compound, an amine compound, an 
imide compound, a ditmine compound, an imine compound, a diketone compound, and metallic salts thereof. 
[0080] Examples of the compounds (iv) include compounds represented by the following formulas and metallic salts 
thereof: 

R 10 X. 
R 10 H, 
R 10 OH, 
R 10 R 11 NH, 
R 10 COOH, 
R 10 SO 3 H, 
R 10 R 11 CNOH, 
R 10 R 11 NOH, 
R 10 CONHR 11 , 
R 10 SO 2 NHR 11 , 
R 10 COCH 2 COR 11 ,and 
R 10 C(=NH)CH 2 COR 11 

wherein R 10 is a hydrocarbon group, a halogenated hydrocarbon group, a silicon -containing group, a germanium-con- 
taining group, a tin-containing group or a boron -containing group. Examples of such groups include the hydrocarbon 
groups, the halogenated hydrocarbon groups and the silicon-containing groups previously exemplified with respect to 
R 4 . 

[0081] Examples of the boron-containing groups include compounds of the formula -BR 10 R 10 "- (R 10, and R 10 " may 
be the same or different and are each the hydrocarbon group of 1 to 20 carbon atoms, the halogenated hydrocarbon 
group of 1 to 20 carbon atoms or the oxygen-containing group previously described for by R 4 ; and R 10, and R 10 " may 
be bonded to form a ring). 
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[0082] R 1 1 is a hydrogen atom, an alkoxy group, or any of a hydrocarbon group, a halogenated hydrocarbon group, a 
silicon-containing group, a germanium-containing group, a tin-containing group and a boron-containing group each of 
which is the same as or different from R 10 . Examples of such groups include the alkoxy groups previously described 
with respect to R 1 to R 3 , and the hydrocarbon groups, the halogenated hydrocarbon groups and the silicon-containing 
5 groups previously described with respect to R 4 . Examples of the boron-containing groups include the groups described 
with respect to R 10 . 

[0083] R 10 and R 11 may be bonded to form a ring together with a nitrogen atom or a carbon atom to which R 10 and 
R 1 1 are bonded. This ring may have a double bond. 
[0084] X is a halogen atom. 
70 [0085] Examples of the compounds (iv) are given below: 

[0086] Examples of the compounds represented by general formula R 10 X include PhBr, Mel, Ph 3 SiCI, Me 3 SiCI, 



15 



20 



Me 




Br 



Me 




F F 



-CI 



25 [0087] Examples of the compounds represented by general formula R 10 H include 



30 



F w F Me w Me 

c 6 h 6 F -y~^ H MeH ^- H 

F F Me Me 



35 



[0088] Examples of the compounds represented by general formula R 10 OH include 
PhOH, MeOH, CF 3 CH 2 OH, Ph 3 SiOH, Me 3 SiOH, Et 2 BOH, Ph 2 BOH 



40 



■-' 45 



50 




F F 




Me 




Me v Me 



F-£ >-CH 2 OH tBu-k >- OH Me^xJ 



Me 




OH 



Me Me 



B OH 



55 



[0089] Examples of the compounds represented by general formula R 10 R 1 1 NH include 
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[0090] Examples of the compounds represented by general formula R 10 COOH include 
PhCOOH F— ^~^~COOH F^^~CH 2 COOH 

CF3COOH MeHf V-CH 2 COOH 

tBu 



35 [0091 ] Examples of the compounds represented by general formula R 10 SO 3 H include 



Ph— S — OH F 3 C— S— OH CF3CH2 — S— OH 
I 1 I 

0 0 o 



45 




50 

[0092] Examples of the compounds represented by general formula R 10 R 1 1 NOH include 
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PhN ( Me ) OH (Me ) 2 NOH 




NOH 



10 



15 



[0093] Examples of the compound represented by general formula R 10 R 1 1 CNOH include 
F 



20 



S^Ap CH=N- OH / 
HC = N- OH 



c- n-oh ^ y= 



NOH 



25 [0094] Examples of the compounds represented by general formula R 10 CONHR 1 1 include 



30 



Ph-CO-NH-Ph 




35 



40 



45 



50 



[0095] Examples of the componds represented by general formula R 10 SO 2 NHR 11 include Ph-SOO-NH-Ph and Ph- 
SOO-NH-Me, 

[0096] Examples of the compounds represented by general formula R 10 COCH 2 COR 11 include 

OO 0 0 

II II 

Et Me Ph Ph 



[0097] Examples of the compounds represented by general formula R 10 C(=NH)CH 2 COR 1 1 include 

NH O 
B I 



Et 



Me 



55 



[0098] Of the compounds (iv), preferable are those of the above formulae wherein R 10 is a substituted aromatic hydro- 
carbon group or a fluorine-containing group, and also wherein at least one of R 10 and R 11 is a substituted aromatic 



21 

BNSOOCIO: <EP 0924223A2J„> 



EP 0 924 223 A2 



hydrocarbon group or a fluorine-containing group. 

[0099] Examples ol the above substituted aromatic hydrocarbon groups include those having at least one substituent 
selected from, for example, alkyl groups, halogenated alky! groups, alkoxy groups and halogen atoms (particularly pref- 
erably fluorine). 

5 [0100] Examples of the above fluorine-containing groups include substituents having at least one fluorine atom. 
[0101] Examples of metallic salts of the above compounds include R 10 Y, R 10 OY, R 10 R 11 NY, R 10 COOY, R 10 SO 3 Y, 
R 10 R 11 CNOY, R^R^NOY, R 10 CONR 11 Y and R 10 SO 2 NR 11 Y (R 10 and R 11 are each the same as above, and Y is an 
alkali metal such as lithium, sodium or potassium). Also available are compounds containing alkaline earth metals in 
the form of metallic salts, for example. (R 10 SO 3 ) 2 Ba (R 10 is the same as above), specifically (C 6 F 5 S0 3 ) 2 Ba. 

10 [0102] The compounds (iv) mentioned above can be used singly or in combination of two or more kinds. 

[0103] The catalyst component for ethylenically unsaturated monomer polymerization according to the invention can 
be prepared by the reaction of the compounds (i), (ii) and (iii) or by the reaction of the compounds (i). (ii), (Hi) and (iv). 
[0104] In the preparation of the catalyst component for ethylenically unsaturated monomer polymerization, the com- 
pound (i) can be used in an amount of 1 to 5 mol, preferably 2 to 3 mol, per mol of the compound (ii), and the compound 

15 (iii) can be used in an amount of 0.1 to 2 mol, preferably 0.5 to 1 mol, per mol of the compound (i). The compound (iv) 
can be optionally used in an amount of 1 to 6 mol. preferably 2 to 3 mol, per mol of the compound (i). 
[0105] In the present invention, it is preferable to use the compound (i) in an amount of about 2 mol per mol of the 
compound (ii), the compound (iii) in an amount of about 0.5 mol per mol of the compound (i), and optionally the com- 
pound (iv) in an amount of about 2 or 3 mol per mol of the compound (i). 

20 [0106] Examples of solvents employable in the reaction include aliphatic hydrocarbons, such as propane, butane, 
pentane, hexane, heptane, octane, decane and dodecane; alicyclic hydrocarbons, such as cyclopentane, cyclohexane 
and methylcyclopentane; aromatic hydrocarbons, such as benzene, toluene and xylene; halogenated hydrocarbons, 
such as ethylene chloride, chlorobenzene, dichloromethane and chloroform; ether-containing aliphatic hydrocarbons 
and ether-containing alicyclic hydrocarbons, such as diethyl ether and tetrahydrofuran; and mixtures of these hydrocar- 

25 bons. 

[0107] For preparing the catalyst component for ethylenically unsaturated monomer polymerization according to the 
invention from at least one compound (i). at least one compound (ii) and at least one compound (iii). there can be 
employed, for example, a process wherein the compound (i) is reacted with the compound (ii) in a non-polar solvent 
such as toluene at -10 to +10 °C, then stirring is conducted at room temperature or under heating, and the compound 
30 (iii) is added to react with the reaction product of the compound (i) and the compound (ii) at a temperature of -78 °C to 
room temperature. 

[0108] Preferred examples of combinations of the compound (i), the compound (ii) and the compound (iii) used for 
preparing the catalyst component for ethylenically unsaturated monomer polymerization are set forth in Table 1. 



Table 1 



0) 


(ii) 


(iii) 


Triethylaluminum 
Triethylaluminum 
Triethylaluminum 
Trioctylaluminum 


Water 
Hydrogen sulfide 
Aniline 
Water 


Triphenylchloromethane 
Triphenylchloromethane 
Triphenylchloromethane 
Triphenylchloromethane 



A5 

[0109] For preparing the catalyst component for ethylenically unsaturated monomer polymerization according to the 
invention from at least one compound, (i), at least one compound (ii), at least one compound (iii) and at least one com- 
pound (iv), there can be employed, for example, a process wherein the compound (i) is reacted with the compound (ii) 
in a non-polar solvent such as toluene at -10 to +1 0 °C, then the compound (iv) is added to react with the reaction prod- 
so uct of the compound (i) and the compound (ii) at -1 00 to -50 °C, and the compound (iii) is further added to perform reac- 
tion. 

[0110] Also available is a process wherein the compound (i) is reacted with the compound (iv) in a non-polar solvent 
such as toluene at -100 to -50 °C, then the compound (ii) is added to react with the reaction product of the compound 
(i) and the compound (iv) at -10 to +10 °C. and the compound (iii) is further added to perform reaction. 
55 [011 1] Preferred examples of combinations of the compound (i). the compound (ii). the compound (iii) and the com- 
pound (iv) used for preparing the catalyst component for ethylenically unsaturated monomer polymerization are set 
forth in Table 2. 
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Table 2 



0) 


(») 


(iii) 


(iv) 


Aluminum trichloride 


Water 


Triphenylchloromethane 


C 6 F 5 Li 


Aluminum tribromide 


Water 


Triphenylchloromethane 


C 6 F 5 U 


Ethylaluminum dichloride 


Water 


Triphenylchloromethane 


C 6 F 5 Li 


Triisobutylaluminum 


Water 


Triphenylchloromethane 


C 6 F 5 OH 


Triisobutylaluminum 


Water 


Triphenylchloromethane 


C 6 F 5 COpH 



[0112] More specifically, in the preparation of the catalyst component for ethylenically unsaturated monomer polym- 
15 erization according to the invention, when aluminum tribromide as the compound (i), water as the compound (ii), triphe- 
nylchloromethane as the compound (iii) and lithium pentafluorobenzene as the compound (iv) are used in molar ratios 
of: 2 mol of the compound (i) based on 1 mol of the compound (ii), 0.5 mol of the compound (iii) based on 1 mol of the 
compound (i) and 3 mol of the compound (iv) based on 1 mol of the compound (i), the following reaction product is pre- 
sumed to be obtained. 

20 

AlBr 3 + 3C 6 F 5 Li -> Al(C 6 Fs)3 

2A1(C 6 F 5 )3 + H 2 0 (C 6 F 5 ) 2 A1-0~A1(C 6 F 5 )2 

25 

(C 6 F 5 )2Al-0-Al{C 6 F 5 )2 + (C 6 H 5 ) 3 CC1 



30 



35 



C € F 5 CI C 6 F 5 ' 

\ / \/ 

Al Al 



L C 6 F 5 



C 6 FsJ 



[(C 6 H 5 ) 3 C] + 



40 



45 



[01 13] In another process wherein ethylaluminum dichloride as the compound (i), water as the compound (ii), triphe- 
nylchloromethane as the compound (iii) and lithium pentafluorobenzene as the compound (iv) are used in molar ratios 
of: 2 mol of the compound (i) based on 1 mol of the compound (ii), 0.5 mol of the compound (iii) based on 1 mol of the 
compound (i) and 4 mol of the compound (iv) based on 2 mol of the compound (i), the same reaction product as above 
is presumed to be obtained. 



50 
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EtAlCl 2 + H 2 0 -> Cl 2 Al-0-AlCl 2 



Cl 2 Al-0-AlCl 2 + 4C 6 F s Li -> (C6F s )2Al-0-Al(C 6 F 5 )2 



(C 6 F 5 ) 2 Al-0-Al(C 6 F 5 )2 + (C 6 H S ) 3 CC1 



to 



15 



20 



C 6 F 5 



L c 6 f 5 



CI C 6 F 5 

/ 

Al 

\ 

"C 6 F 5 



\/\/ 

Al Al 



C (C 6 H 5 ) 3 C]- 



25 



[0114] Another catalyst component for ethylenically unsaturated monomer polymerization according to the invention 
is a compound represented by the following formula. 



30 



9 9? 

( [Q-M-Y-{M-Y-) n M-Q- (Z'^) m l ) • ( (A]+ k ) r 



35 



40 



[0115] In the above formula, each M may be the same or different, and is an atom of Group 13 of the periodic table, 

specifically boron, aluminum, gallium, indium or the like, particularly preferably boron or aluminum. 

[0116] n is an integer of 0 or more, preferably an integer of 0 to 5, more preferably an integer of 0 to 3. A compound 

of the above formula wherein n = 0 is one of the most preferable embodiments. 

[0117] Y is a divalent bonding group, and when n is 1 or more, plural Y may be the same or different. 

[01 1 8] Examples of the divalent bonding groups Y include the following bonding groups. 



45. 
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30 



[01 1 9] in the above formulas, R 4 . R 5 . R 6 . R 7 , R 8 and R 9 have the same meanings as those ol R 4 , R 5 , R 6 , R 7 , R 8 and 
35 R 9 of the aforesaid compound (ii). 

[0120] More specific examples of such bonding groups are given below: 
[0121 ] Examples of the bonding groups represented by 



include 

45 



SO 
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MeN C , PhN ^ • EtN C • Ph 3 CN \- Ph 3 siN 
Me 3 SiN ^ , Ph-O-N^ , Et-O-NC^ , 



70 



Ph 3 C-Q-N C. . Me3Si-0-N C> 



T5 



20 



25 



30 



F. , F 
F-<\ /)-0-N" 




F F 



[01 22] Examples of the bonding groups represented by 



COO- 



COO- 




include 



35 



40 



F COO- / C °°~ 
F-^\ /)— COO- ^ COOH 





COO- 



COO- 



45 




-OOC COO- -00CCH 2 CH 2 COO- 



50 



[0123] Examples of the bonding groups represented by 
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include 



70 



15 



-0CH 2 CH 2 O-, ph 2Si. 
^ O- 



o- 
o- 



MeB , CH 3 (CH 2 )3B^ 

F OH HO. 

F F F 



O- 



PhB 




OH HO— C V-OH 

F 




Me^Si 



O- 



20 



25 



30 



35 
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OH HO 



OH 



F 3 C F F 



OH 





/OH 
^OH 
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[0124] Examples of the bonding groups represented by 
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35 [01 25] Examples of the bonding groups represented by 



O 
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r 4 -s-n" 

40 | 

o 



include 

45 



50 



PhS0 2 N^, CF3S0 2 I<, CH 3 S0 2 N^, 
F. ,F 



h0-so 2 < 
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[0126] Examples of the bonding groups represented by 
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PhCON^ , EtCON: 



[01 27] Example of the bonding groups represented by 
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so [01 28] Examples of the bonding groups represented by 
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[0129] Examples of the bonding groups represented by 
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[01 30] Examples of the bonding groups represented by 

45 

H 

. c— N- O 

R 5 

^ C-N-0 
H 



55 include 



BNSDOCID: <EP 0924223A2_L> 



30 



EP 0 924 223 A2 



C=N 



,C=N 



Ph 



w 



[01 31 ] Examples of the bonding groups represented by 



15 



s — o- 

8 

O 



\ 0 

N s—o — 



20 



25 include 




[01 32] More preferable examples of Y are -O- and those bonding groups wherein R 4 and R 5 are each an alkyl group, 
35 an aromatic hydrocarbon group, a silicon-containing group, a boron-containing group or a halogen-containing group. 

[0133] Z is a group capable of being bonded to one or more M ( and specifically is a group selected from, for example, 

halogen, hydrogen, alkyl groups of 1 to 20 carbon atoms, preferably 1 to 10 carbon atoms, such as methyl, ethyl, propyl, 

butyl, hexyl, octyl, nonyl and dodecyl, alkoxy groups of 1 to 20 carbon atoms, preferably 1 to 10 carbon atoms, such as 

methoxy, ethoxy, propoxy and butoxy, an acetyl group, and a sulfuric acid anion. 
40 [01 34] j is a valence of Z. A compound of the above formula wherein j=1 is one of the most preferable embodiments. 

[0135] m is the number of Z, and an integer of not less than 1 and not more than n+1 , preferably an integer of 1 to 6, 

more preferably an integer of 1 to 4. 

[0136] Each Q may be the same or different, and is a group selected from the following groups: R — , R — , 
R 10 R 11 N _ Rio C oo— , R 10 SO 3 — , 
45 R 10 SO 2 — , R 10 CO— R 10 R 11 — , R 10 R 11 NO— , 



RlOCONR^, R 10 C(=N)CHCOR 11 , 

50 

R 10 COCH 2 CO— , 

wherein R 10 and R 11 have the same meanings as those of R and R of the aforesaid compound (iv). 
[0137] Examples of the groups Q are given below: 
55 [0138] Examples of the groups R 10 - include 



-era no9A9MA2 I > 
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40 [0140] Examples of the groups of formula R 10 R 1 1 N include 




55 



[0141] Examples of the groups of formula R 10 COO- include 
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[0142] Examples of the groups of formula R 10 SO 3 - Include 
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[0143] Examples of the groups of formula R 10 SO 2 - include 
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40 
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so 



[0144] Examples of the groups of formula R 10 CO- include MeCO-, EtCO- and PhCO-. 
[0145] Examples of the groups of formula R 10 R 1 1 NO- include 
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PhN{Me)0- (Me) 2 NO- 




[0146] Example of the groups of formula R 10 R 11 CNO- include 



20 




HC-N-O- 



25 [01 47] Examples of the groups of formula 



R^CONR 11 

30 

include 



35 




Ph-CO-N-Ph F F F 

40 

[0148] Examples of the groups of formula 
45 R 1 0SO 2 NR 11 

so include 

I I 
Ph-SC^-N-Ph, Ph-S0 2 -Kh-Me . 

55 

[0149] Examples of the groups of formula R 10 COCH 2 CO- include 
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Et 
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[01 50] Examples of the groups of formula 



R 10 C ( =N ) CH2C or11 



include 
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Me 



30 



[0151] . It is preferable that at least one of the groups Q is a group of the above formulae wherein R 10 is a substituted 
aromatic hydrocarbon group or a fluorine-containing group, and also wherein at least one of R 10 and R 11 is a substi- 
tuted aromatic hydrocarbon group or a fluorine-containing group. 

[0152] Examples of the above substituted aromatic hydrocarbon groups include those having at least one substituent 
35 selected from, for example, alkyl groups, halogenated alkyl groups, alkoxy groups and halogen atoms (particularly pref- 
erably fluorine). 

[0153] Some examples of the anion moieties represented by the following formula: 



45 in the catalyst component for ethylenically unsaturated monomer polymerization according to the invention represented 
by the aforesaid formula, are given below. 



40 
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Q 



[A-M-Y-(M-Y-)pM-Q. (Z-3) m ] ^m- 
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[0154] In the above examples, C 6 F 5 denotes a pentatluorophenyl group, n-Oct denotes an n-octyl group, Ph denotes 
a phenyl group, and Me denotes a methyl group. 

[01 55] A is a cation, specifically a cation selected from the group consisting of a carbonium cation, an oxonium cation, 
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an ammonium cation, a phosphonium cation, a cycloheptyltrienyl cation, a ferrocenium cation and metallic cations of 
Groups 1 and 1 1 of the periodic table, but not limited thereto. 
[0156] Examples of the cations A include the following cations. 

[Li + ], [Na + ], [K + ], [Ag + ], [Li(Et 2 0) 2 + ], [Ph 3 C + ], [KBEt 3 + ], [NaAIH(OCH 2 CH 2 OCH 3 ) 2 + ], [H 3 0 + ], [Ph 4 P + ], [PhNMe 2 H + ], 
[Et 3 NH + ], [Me 3 NH + ], [(n-Bu) 3 NH + ], [MePh 2 NH + ], [Cp 2 Fe + ], 
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40 



k is a valence of the cation A and is a number satisfying the condition of k = jm/r . 

[0157] Some examples of the catalyst components for ethylenically unsaturated monomer polymerization according 
to the invention represented by the aforesaid formula are given below. 
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[0158] The catalyst component for ethylenically unsaturated monomer polymerization according to the invention rep- 
resented by the aforesaid formula can be obtained by. for example, reacting the compound (i) with the compound (ii) 
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and optionally the compound (iv) and then further reacting the reaction product with the compound (iii). 
[0159] The catalyst component for ethylenically unsaturated monomer polymerization according to the invention is 
capable of providing a catalyst for ethylenically unsaturated monomer polymerization (ethylenically unsaturated mono- 
mer polymerization catalyst), which exhibits an excellent polymerization activity when used together with the later- 
5 described transition metal compound or the like. 

Polymerization catalyst 

[01 60] The catalyst for ethylenically unsaturated monomer polymerization (ethylenically unsaturated monomer polym- 
w erization catalyst) according to the invention comprises: 

(A) a compound of a transition metal selected from Groups 3 to 12 of the periodic table, 

(B) the above-described catalyst component, and 

(C) an organic compound containing an element of Group 13 of the periodic table. 
15 _ . 

(A)' Compounds transitio n metal selected from Groups 3 to 12 

[01 61 ] The compound (A) of a transition metal selected from Groups 3 to 1 2 of the periodic table for use in the inven- 
tion may be a transition metal compound represented by any of the following formulae (I) to (VIII). 
20 [0162] First, the compound represented by the formula (I) is described. 

M 1 L 1 X (0 

[01 63] In the above formula, M 1 is a transition metal atom of Group 4 of the periodic table, specifically zirconium, tita- 
25 nium or hafnium, preferably zirconium. 

[01 64] x is a valence of the transition metal atom M 1 and represents the number of ligands L 1 coordinated to the tran- 
sition metal atoms M 1 . 

[0165] L 1 is a ligand coordinated to the transition metal atom; at least one L 1 is a ligand having cyclopentadienyl skel- 
eton; and L 1 other than the ligand having cyclopentadienyl skeleton is a hydrocarbon group of 1 to 20 carbon atoms, a 
30 halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a 
nitrogen-containing group, a phosphorus-containing group, a silicon-containing group, a halogen atom or a hydrogen 
atom. 

[0166] Examples of the ligands having cyclopentadienyl skeleton include a cyclopentadienyl group; alky I substituted 
cyclopentadienyl groups, such as a methylcyciopentadienyl group, a dimethylcyclopentadienyl group, a trimethylcy- 

35 clopentadienyl group, a tetramethyicyclopentadienyl group, a pentamethylcyclopentadienyl group, an ethylcyclopenta- 
dienyl group, a methylethylcyclopentadienyl group, a propylcyclopentadienyl group, a methylpropylcyclopentadienyl 
group, a butylcyclopentadienyl group, a methylbutylcyclopentadienyl group and a hexylcyclopentadienyl group; an inde- 
nyl group; a 4,5,6,7-tetrahydroindenyl group; and a fluorenyl group. These groups may be substituted with optionally 
halogenated hydrocarbon groups of 1 to 20 carbon atoms, oxygen-containing groups, sulfur-containing groups, silicon- 

40 containing groups and halogen atoms. 

[0167] When the compound represented by the formula (I) contains two or more ligands having cyclopentadienyl skel- 
eton, two of them may be bonded through a divalent bonding group such as an optionally substituted alkylene group or 
an optionally substituted silylene group. The transition metal compound wherein two ligands having cyclopentadienyl 
skeleton are bonded through the divalent bonding group is, for example, the later-described transition metal compound 

45 represented by the formula (II) or (lla). 

[0168] Examples of the ligands L 1 other than the ligands having cyclopentadienyl skeleton are as follows. 
[0169] Examples of the hydrocarbon groups of 1 to 20 carbon atoms include alkyl groups, cycloalkyl groups, alkenyl 
groups, arylalkyl groups and aryl groups. Specifically, there can be mentioned alkyl groups, such as methyl, ethyl, pro- 
pyl, butyl, hexyl, octyl, nonyl, dodecyl and eicosyl; cycloalkyl groups, such as cycloperrtyl, cyclohexyl, norbornyi and 

so adamantyl; alkenyl groups, such as vinyl, propenyl and cyclohexenyl; arylalkyl groups, such as benzyl, phenylethyl and 
phenylpropyl; and aryl groups, such as phenyl, tolyl, dimethylphenyl, trimethylphenyl. ethylphenyl. propylphenyl, biphe- 
nyl, naphthyl. methylnaphthyl. anthryl and phenanthryl. 

[0170] Examples of the halogenated hydrocarbon groups of 1 to 20 carbon atoms include those wherein the above- 
exemplified hydrocarbon groups of 1 to 20 carbon atoms are substituted with halogens. 
55 [0171] Examples of the oxygen-containing groups include a hydroxy I group; alkoxy groups, such as methoxy, ethoxy. 
propoxy and butoxy; aryloxy groups, such as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy; and arylalkoxy 
groups, such as phenylmethoxy and phenylethoxy. 

[0172] Examples of the sulfur-containing groups include substituents wherein oxygen is replaced with sulfur in the 
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above-exemplified oxygen-containing groups; and further sulfonate groups, such as methylsulfonato, trifluorometh- 
anesulfonato, phenylsulfonato, benzylsulfonato, p-toluenesulfonato, trimethylbenzenesulfonato, triisobutylbenzenesul- 
fonato, p-chlorobenzenesulfonato and pentafluorobenzenesulfonato; and sulfinato groups, such as methylsulfinato, 
phenyisulfinato, benzylsulfinato. p-toluenesulfinato, trimethylbenzenesuffinato and pentafluorobenzenesulfinato. 
[0173] Examples of the nitrogen-containing groups include amino group; alkylamino groups, such as methylamino, 
dimethylamino, diethylamino, dipropylamino, dibutylamino and dicyclohexylamino; and arylamino groups and aikylar- 
ylamino groups, such as phenylamino, diphenylamino, d'rtolylamino, dinaphthylamino and methylphenylamino. 
[0174] Examples of the phosphorus-containing groups include phosphino groups, such as dimethylphosphino and 
diphenylphosphino. 

[01 75] Examples of the silicon-containing groups include monohydrocarbon-substituted silyls, such as methylsiiyl and 
phenylsilyl; dihydrocarbon-substituted silyls, such as dimethylsilyl and diphenylsilyl; trihydrocarbon-substituted silyls, 
such as trimethylsilyl. triethylsilyl, tripropylsilyl, tricyclohexylsilyl, triphenylsilyl, dimethylphenylsilyl, methyldiphenylsilyl, 
tritolyisilyl and trinaphthylsilyl; silyl ethers of hydrocarbon-substituted silyls, such as trimethylsilyl ether; silicon-substi- 
tuted alkyl groups, such as trimethylsilylmethyl; and silicon-substituted aryl groups, such as trimethylsilylphenyl. 
[0176] Examples of the halogen atoms include a fluorine atom, a chlorine atom, a bromine atom and an iodine atom. 
[0177] When the valence of the transition metal is 4, the transition metal compound is more specifically represented 
by the following formula (P). 

R 12 R 13 R 14 R 15 M 1 (r) 

[0178] In the above formula, M 1 is a transition metal atom selected from Group 4 of the periodic table. Examples 
thereof are those previously described, and preferable is zirconium. 
[0179] R 12 is a group (ligand) having cyclopentadienyl skeleton. 

[0180] R 13 , R 14 and R 15 may be the same or different, and are each a group (ligand) having cyclopentadienyl skele- 
ton, an optionally halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-con- 
taining group, a nitrogen-containing group, a phosphorus-containing group, a silicon-containing group, a halogen atom 
or a hydrogen atom. 

[0181] Of the transition metal compounds represented by the formula (P), preferably used in the invention are com- 
pounds wherein at least one of R 13 ( R 14 and R 15 is a group (ligand) having cyclopentadienyl skeleton, e.g., compounds 
wherein R 12 and R 13 are groups (ligands) having cyclopentadienyl skeleton. When R 12 and R 13 are groups (ligands) 
having cyclopentadienyl skeleton, R 14 and R 15 are each preferably a group having cyclopentadienyl skeleton, an alkyl 
group, a cycloalkyi group, an alkenyl group, an arylalkyl group, an aryl group, an alkoxy group, an aryloxy group, a tri- 
alkylsilyl group, a sulfonate group, a halogen atom or a hydrogen atom. 

[0182] Examples of the transition metal compounds represented by the formula (I) wherein M 1 is zirconium include: 
bis(cydopentadienyl)zirconium monochioride monohydride, bis(cyclopentadienyl)zirconium dichloride, 
bis(cyclopentadienyl)zirconium dibromide, bis(cycIopentadienyl)methylzirconium monochioride, bis(cydopentadi- 
enyl)zirconium phenoxymonochloride, bis(methylcyclopentadienyl)zirconium dichloride, bis(ethylcyclopentadienyl)zir- 
conium dichloride, bis(propylcyclopentadienyl)zirconium dichloride. bis(butylcyclopentadienyl)zirconium dichloride, 
bis(hexylcydopentadienyi)zirconium dichloride. bis(octylcyclopentadienyl)zirconium dichloride, bis(indenyl)zirconium 
dichloride, bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, bis(indenyl)zirconium dibromide, bis(cydopentadi- 
enyl)zirconium dimethyl, bis(cydopentadienyl)zirconium methoxychloride, bis(cyclopentadienyl) zirconium ethoxychlo- 
ride, bis(fluorenyl)zirconium dichloride, bis(cydopentadienyl)zirconiumbis(methanesulfonato), 

bis(cyclopentadienyl)zirconiumbis(p-toluenesulfonato), bis(cyclopentadienyt)zirconiumbis(trifluoromethanesurfonato), 
bis(methylcyclopentadienyl)zirconiumbis(trifluoromethanesulfonato). bis(ethylcyclopentadienyl)zirconiumbis(trifluor- 
omethanesulfonato), bis(propylcyclopentadienyl)zirconiumbis(trrfluorome1hanesulfonato), bis(butylcyclopentadi- 
enyOzirconiumbis^rifluoromethanesulfonato), bis(hexylcyclopentadienyl)zirconiumbis(trifluoromethanesulfonato), 
bis(dimethylcydopentadienyl)zirconiumbis(trifluoromethanesulfonato), bis(methylethylcyclopentadienyl)zirconi- 
umbis(trifluoromelhanesurfonato), bis(methylpropylcyclopentadienyl)zirconiumbis(trrfluoromethanesulfonato), 
bis(methylbutylcyclopentadienyl)zirconiumbis(trifluoromethanesulfonato) ( bis(dimethylcyclopentadienyl)zirconium 
dichloride, bis(methylpropylcycloperrtadienyl)zirconium dichloride, bis(methylbutylcyclopentadienyl)zirconium dichlo- 
ride. bis(methylhexyicyclopentadienyl)zirconium dichloride, bis(ethylbutylcydopentadienyl)zirconium dichloride, bis(tri- 
methylcyclopentadienyl)zirconium dichloride, bis(tetramethylcyclopentadienyl)zirconium dichloride. 
bis(pentamethylcyclopentadienyl)zirconium dichloride, bis(methylbenzylcyclopentadienyl)zirconium dichloride, 
bis(ethylhexylcydopentadienyl)zirconium dichloride. bis(methylcyclohexylcyclopentadienyl)zirconium dichloride. 
bis(cyclopentadienyl)ethylzirconium monochioride, bis(cyclopentadienyl)cydohexylzirconium monochioride, 
bis(cyclopentadienyl)phenylzirconium monochioride, bis(cyclopentadienyl)benzylzirconium monochioride, 
bis(cyclopentadienyl)methylzirconium monohydride, bis(cyclopentadienyl)diphenylzirconium, bis(cydopentadi- 
enyl)dibenzylzirconium, bis(indenyl)zirconiumbis(p-toluenesulfonato), bis(dimethylcycloperrtadienyl)zirconium ethoxy- 



48 



: <EP 0924223A2_I_> 



EP 0 924 223 A2 



chloride, bis(methylethylcyclopentadienyl)zirconium dichloride, bis(propylcyc!opentadienyl)zirconium dichloride, 
bis(methylbutylcycioperrtadienyl)zirconiumbis(methanesulfonato), and bis(trimethylsilyIcyclopentadienyl)zirconium 
dichloride. 

[0183] In the above examples, the di-substituted cyclopentadienyl rings include 1,2-substituted and 1,3-substituted 
5 cyclopentadienyl rings. The tri-substituted cyclopentadienyl rings include 1,2,3-substituted and 1 ,2,4-substituted 
cyclopentadienyl rings. The alkyl groups such as propyl and butyl include isomers such as n-, i- ( sec- and tert-alkyl 
groups. 

[0184] Also available are compounds wherein zirconium is replaced with titanium or hafnium in the above-exemplified 
zirconium compounds. 

w [0185] The transition metal compound wherein two ligands having cyclopentadienyl skeleton are bonded through a 
divalent bonding group is, for example, a compound represented by the following formula (II). 
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[0186] In the above formula, M 1 is a transition metal atom of Group 4 of the periodic table, specifically zirconium, tita- 
nium or hafnium, preferably zirconium. 

[0187] R 16 . R 17 , R 18 and R 19 may be the same or different and are each a hydrocarbon group of 1 to 20 carbon atoms, 
a halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing group, a 

30 sulfur-containing group, a nitrogen-containing group, a phosphorus-containing group, a hydrogen atom or a halogen 
atom. Of the groups R 16 . R 17 , R 18 and R 19 , a part of the adjacent groups may be bonded to form a ring together with 
carbon atoms to which they are bonded. In the above formula, R 16 , R 17 . R 18 and R 19 are each present at two positions, 
and they (e.g.. R 16 and R 16 ) may be the same or different. The groups R with the same suffix may be a preferable com- 
bination, respectively, when both are bonded to each other to form a ring. 

35 [0188] Examples of the hydrocarbon groups of 1 to 20 carbon atoms include the groups previously described with 
respect to L 1 in the formula (I). 

[0189] Examples of the rings formed by bonding the hydrocarbon groups include condensed rings, such as a benzene 
ring, a naphthalene ring, an acenaphthalene ring and an indene ring; and these condensed rings may be substituted, 
for example, with an alkyl group such as methyl, ethyl, propyl or butyl. 
40 [0190] Examples of the halogenated hydrocarbon groups of 1 to 20 carbon atoms include those wherein the above- 
exemplified hydrocarbon groups of 1 to 20 carbon atoms are substituted with halogens. 

[0191] Examples of the silicon-containing, the oxygen-containing, the nitrogen-containing and the phosphorus-con- 
taining groups include the same groups as previously described with respect to L 1 in the formula (I), respectively. 
[0192] Examples of the sulfur-containing groups include substituents wherein oxygen is replaced with sulfur in the 

45 oxygen-containing groups previously exemplified. 

[0193] Examples of the halogen atoms include a fluorine atom, a chlorine atom, a bromine atom and an iodine atom. 
[0194] Of these, preferable are hydrocarbon groups of 1 to 20 carbon atoms. Particularly preferable are hydrocarbon 
groups of 1 to 4 carbon atoms, i.e., methyl, ethyl, propyl and butyl, a benzene ring formed by bonding the hydrocarbon 
groups, and such a benzene ring substituted with an alkyl group such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso- 

50 butyl or tert-butyl. 

[0195] X 1 and X 2 may be the same or different, and are each a hydrocarbon group of 1 to 20 carbon atoms, a halo- 
genated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon- 
containing group, a hydrogen atom or a halogen atom. Specifically, there can be mentioned those previously described 
with respect to L 1 in the formula (I). 
55 [0196] Of these, preferable are halogen atoms, hydrocarbon groups of 1 to 20 carbon atoms and sulfinato groups. 
[0197] Y 1 is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 
20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-containing 
group, -0-, -CO-, -S-, -SO-, -S0 2 -, -Ge-, -Sn-, -NR 20 -, -P(R 20 )-, -P(0)(R 20 )-, -BR 20 - or -AIR 20 -(each R 20 may be the 
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same or different and is a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 car- 
bon atoms, a hydrogen atom or a halogen atom). 

[0198] Examples of the divalent hydrocarbon groups of 1 to 20 carbon atoms include alkylene groups, such as meth- 
ylene, dimethylmethylene, 1,2-ethylene, dimethyl-1,2-ethylene, 1,3-trimethylene, 1,4-tetramethylene, 1,2-cyclohexy- 

5 | e ne and 1 ,4-cyclohexylene; and arylalkylene groups, such as diphenylmethylene and diphenyl-1 ,2-ethylene. 

[0199] Examples of the divalent halogenated hydrocarbon groups of 1 to 20 carbon atoms include those wherein the 
above-exemplified hydrocarbon groups of 1 to 20 carbon atoms are halogenated, such as chloromethylene. 
[0200] Examples of the divalent silicon-containing groups include a silylene group; alkylsilylene groups, alkylarylsi- 
lylene groups and arylsilylene groups, such as methylsilylene, dimethylsilylene, diethylsilylene, di(n-propyl)silylene, di(i- 

w propyl)silylene, di(cyclohexyl)silylene, methylphenylsilylene, diphenylsilylene, di(p-tolyl)silylene and di(p-chlorophe- 
nyl)silylene; alkyldisilylene groups, alkylaryldisilyiene groups and aryldisilylene groups, such as tetramethyl-l,2-disi- 
lylene and tetraphenyl-1 ,2-disilylene, 

[0201] Examples of the divalent germanium-containing groups include those wherein silicon is replaced with germa- 
nium in the above-exemplified divalent silicon-containing groups. 
75 [0202] Examples of the divalent tin-containing groups include those wherein silicon is replaced with tin in the above- 
exemplified divalent silicon-containing groups. 

[0203] Of these, particularly preferable are substituted silylene groups, such as dimethylsilylene, diphenylsilylene and 
methylphenylsilylene. 

[0204] Further examples of R 20 are the halogen atoms, the hydrocarbon groups of 1 to 20 carbon atoms and the hal- 

20 ogenated hydrocarbon groups of 1 to 20 carbon atoms previously described for L 1 in the formula (I). 
[0205] Examples of the transition metal compounds represented by the formula (II) include: 

ethylene-bis(indenyl)dimethylzirconium, ethylene-bis(indenyl)zirconium dichloride, ethylene-bis(indenyl)zirconi- 
umbis(trifluoromethanesulfonato), ethyl ene-bis(indenyl)zirconiumbis(methanesulfonato), ethyl ene-bis(ind enyl)zirconi- 
umbis(p-toluenesulfonato), ethylene-bis(indenyl)zirconiumbis(p-chlorobenzenesulfonato), ethylene-bis(4,5,6.7- 

25 tetrahydroindenyljzirconium dichloride, isopropyiidene(cyclopentadienyl)(fluoreny!)zirconium dichloride, isopropyli- 
dene(cyclopentadienyi)(methylcyclopentadienyl) zirconium dichloride, dimethysilylene-bis(cyclopentadienyl)zirconium 
dichloride, dimethylsilylene-bis(methylcyclopentadienyl)zirconium dichloride. dimethylsilylene-bis(dimethylcyclopenta- 
dienyl)zirconium dichloride, dimethylsilylene-bis(trimethylcyclopentadienyl)zirconium dichloride. dimethylsilylene- 
bis(indenyl)zirconium dichloride, dimethylsilylene-bis(indenyl)zirconiumbis(trrfluoromethanesulfonato), dimethylsi- 

30 lylene-bisCA.S.SJ-tetrahydroindenyOzirconium dichloride. dimethylsilylene(cyclopentadienyl)(fluorenyl)zirconium 
dichloride, diphenylsi!ylene-bis(indenyl)zirconium dichloride, methylphenylsilylene-bis(indenyl) zirconium dichloride, 
rac-dimethylsilylene-bi^.S.S-trimethylcyclopentadienyOzirconium dichloride, rac-dimethylsilylene-bis(2,4,7-trimethyl- 
cyciopentadienyl)zirconium dichloride. rac-dimethylsilylene-bis(2-methyl-4-tert-butylcyclopentadienyt)zirconium dichlo- 
ride, isopropylidene(cydopentadienyl)(fluorenyl)zirconium dichloride, dimethylsilylene(3-tert- 

35 butylcyclopentadienyl)(indenyl)zirconium dichloride, isopropylidene(4-methylcycloperrtadienyl)(3-methylindenyl)zirco- 
nium dichloride, isopropylidene(4-tert-butylcyclopentadienyl)(3-methylindenyl)zirconium dichloride, isopropylidene(4- 
tert-butylcyclopentadienyl)(3-tert-butylindenyl)zirconium dichloride, dimethylsilylene(4-methylcydopentadienyl)(3- 
methylindenyl)zirconium dichloride, dimethylsilylene(4-tert-butylcycloperrtadienyl)(3-methylindenyl) zirconium dichlo- 
ride, dimetrTylsiIylene(4-tert-butylcydopentadienyl)(3-tert-butylindenyl)zirconium dichloride, dimethylsilylene(3-tert- 

40 butylcyclopentadienyl)(fluorenyl)zirconium dichloride. and isopropylidene(3-tert-butylcydopentadienyl)(fluorenyl)zirco- 
nium dichloride. 

[0206] Also available are compounds wherein zirconium is replaced with titanium or hafnium in the above- exemplified 
compounds. 

[0207] Other examples of the transition metal compounds represented by the formula (II) include transition metal com- 
45 pounds represented by the following formula (II*) or (II"). 
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[0208] In the above formula, M 1 is a transition metal atom of Group 4 of the periodic table, specifically titanium, zirco- 
nium or hafnium, preferably zirconium. 

[0209] Each R 21 may be the same or different and is a hydrocarbon group of 1 to 6 carbon atoms. Examples of such 
groups include alkyl groups, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec -butyl, tert-butyl, n-pentyl, 
neopentyl, n-hexyl and cyclohexyl; and alkenyl groups, such as vinyl and propenyl. 

[021 0] Of these, preferable are alkyl groups wherein the carbon atom bonded to the indenyl group is a primary carbon 
atom. More preferable are alkyl groups of 1 to 4 carbon atoms, and particularly preferable are methyl and ethyl. 
[0211] R 22 , R 24 , R 25 and R 26 may be the same or different, and are each a hydrogen atom, a halogen atom or the 
same hydrocarbon group of 1 to 6 carbon atoms. Examples of the hydrogcarbon groups include those described above 
forR 21 . 

[0212] Each R 23 may be the same or different, and is a hydrogen atom or an aryl group of 6 to 16 carbon atoms. 
Examples of the aryl groups include phenyl, a-naphthyl, p-napfrthyl. anthryl, phenanthryl, pyrenyl, acenaphthyl. phen- 
alenyl, aceanthrylenyl. tetrahydronaphthyl, indanyl and biphenylyl. Of these, preferable are phenyl, naphthyl. anthryl 
and phenanthryl. 

[021 3] These aryl groups may be substituted with: 

halogen atoms, such as fluorine, chlorine, bromine and iodine; 

hydrocarbon groups of 1 to 20 carbon atoms, such as alkyl groups (e.g.. methyl, ethyl, propyl, butyl, hexyl, 
cyclohexyl, octyl, nonyl, dodecyl, eicosyl, norbornyl and adamantyl). alkenyl groups (e.g., vinyl, propenyl and 
cyclohexenyl), arylalkyl groups (e.g., benzyl, phenylethyl and phenylpropyl), and aryl groups (e.g., phenyl, tolyl, 
dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, a- or p-naphthyl, methyl naphthyl, anthryl. 
phenanthryl, benzylphenyl, pyrenyl, acenaphthyl, phenalenyl, aceanthrylenyl. tetrahydronaphthyl, indanyl and 
biphenylyl); and 

organosilyl groups, such as trimethylsilyl, triethylsilyl and triphenylsilyl. 

[0214] X 1 and X 2 may be the same or different, and are identical with X 1 and X 2 , respectively, in the formula (II). Of 
the aforesaid examples, preferable are halogen atoms and hydrocarbon groups of 1 to 20 carbon atoms. 
[0215] Y 1 is identical with Y 1 in the formula (II). Of the aforesaid examples, preferable are divalent silicon-containing 
groups and divalent germanium-containing groups; more preferable are divalent silicon-containing groups; and partic- 

45 ularly preferable are alkylsilylene, alkylarylsilylene and arylsilylene. 

[0216] Examples of the transition metal compounds represented by the formula (II') include: 

rac-dimethylsilylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2- 
methyl-4-(a-naphthyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1-(2-methyl-4-(p-naphthyi)indenyl)}zirco- 
nium dichloride, rac-dimethylsiIylene-bis{1-(2-methyl-4-(1- anthryl)indenyl)}zirconium dichloride, rac-dimethylsilylene- 

so bis{1 -(2-methyl-4-(2-anthryl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2-methyl-4-(9-anthryl)inde- 
nyl)}zirconium dichloride, rac-dimethylsilylene-bis{1-(2-methyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, rac- 
dimethylsilylene-bis{1 -(2-methyl-4-(p-f luorophenyl)indenyl)}zirconium dichloride. rac-dimethylsilylene-bis{1 -(2-methyl- 
4-(pentafluorophenyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1-(2-methyl-4-(p-chlorophenyi)indenyl}zir- 
conium dichloride. rac-dimethylsilyIene-bis{1-(2-methyl-4«(m-chlorophenyl)indenyl)}zirconium dichloride, rac-dimethyl- 

55 silylene-bis{1 -(2-methyl-4-(o-chlorophenyl)indenyl)}zirconium dichloride. rac-dimethylsilylene-bis{1 -(2-methyl-4-(o.p- 
dichlorophenyl)phenylindenyl)}zirconium dichloride, racKJimethylsilylene-bis{1-(2-methyl-4-(p-bromophenyl)inde- 
nyl)}zirconium dichloride, rac-dimethylsilylene-bis{1-(2-methyl-4-(p-tolyl)indenyl)}zircbnium dichloride, rac-dimethylsi- 
lylene-bis{1-(2-methyl-4-(m-tolyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1-(2-methyl-4-(o- 
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toiyl)indenyl)}zirconium dichloride, rac dimethyl silylene^is{1-(2-m 

dichloride, rac-dimethylsilylene-bis{1-(2-methyl-4-(p-ethylphenyl)indenyl)}2irconium dichloride, rac-dimethylsilylene- 
bis{1 -(2-methyl-4-(p-i-propylphenyl)indenyl)}zirconium dichloride. rac-dimethylsilylene-bis{1 -(2-methyl-4-(p-benzylphe- 
nyl)indenyl)}zirconium dichloride, rac<Jimethylsilylene-bis{1-(2-methyl-4-(p-biphenyl)indenyl)}zirconium dichloride, rac- 
dimethylsilylene-bis{1-(2-methyl-4-(m-biphenyl)indenyl)}zirconium dichloride, rac<limethylsilylene-bis{1-(2-methyl-4- 
(p-trimethylsilylphenyl)indenyl)}zirconium dichloride, rac<limethylsilylene-bis{1-(2-methyl-4-(m-trimethylsilylphe- 
nyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{l -(2-phenyl-4-phenylindenyl)}zirconium dichloride, rac- 
diethylsilylene-bis{l-(2-methyl-4-phenylindenyl)}zirconium dichloride, rac-di-(i-propyl)silylene-bis{l-(2-methyl-4-phenyl- 
indenyl)}zirconium dichloride. rac-di-(n-butyl)silylene-bis{1-(2-methyl-4- phenylindenyt)}zirconium dichloride, rac-dicy- 
clohexylsilylene-bis{1 -(2-methyl-4-phenyiindenyl)}zirconium dichloride, rac-methylphenylsilylene-bis{ 1 -(2-methyl-4- 
phenylindenyl)}zirconium dichloride, rac-diphenylsilylene-bis{1-(2-methyl-4-pheny!irdenyl)}zirconium dichloride, rac- 
di(p-tolyl)silylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, rac-di(p-chlorophenyl)silylene-bis{1-(2- 
methyI-4-phenylindenyl)}zirconium dichloride, rac-methylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-ethylene-bis{1 -(2-methyl-4-phenyIindenyl)}zirconium dichloride, rac-dimethylgermylene-bis{1 -(2-methyl-4-phenyl- 
indenyl)}zirconium dichloride, rac<limethylstannylene-bis{1-(2*methyl-4-phenylindenyl)}zirconium dichloride. rac- 
dimethylsilylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dibromide, rac-dimethylsilylene-bis{1 -(2-methyl-4-phenyl- 
indenyl)}zirconium dimethyl, rac<limethylsilylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium methylchloride, rac- 
dimethylsilylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium chloride S0 2 Me, rac-dimethylsilyiene-bis{1 -(2-methyl-4- 
phenylindenyl)}zirconium chloride OS0 2 Me, rac<iimethylsilylene-bis{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
rac<Jimethylsilylene-bis{1 -(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride. rac-dimethylsilylene-bis{1 -(2-ethyt-4-(p- 
naphthyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2-ethyl-4-(2-methyl-1 -naphthyl)indenyl)}zirconium 
dichloride, rac-dimethylsilylene-bis{1-(2-ethyl-4-(5-acenaphthyl)indenyl)}zirconium dichloride, rac-dimethylsilylene- 
bis{H2-ethyl-4-(9-anthryl)indenyl)}zirconium dichloride, rac<limethylsilylene-bis{1-(2-ethyl-4-(9iDhenanthryl)inde- 
nyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2-ethyl-4-(o-methylphenyl)indenyl)}zirconium dichloride. rac- 
dimethylsilylene-bis{1 -(2-ethyl-4-(m-methylphenyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2-ethyl-4- 
(p-methylphenyl)indenyl)}zirconium dichloride, rac-dmethylsilylene-bis{1-(2-ethyl-4-(2,3<jimethylphenyl)indenyl)}zirco- 
nium dichloride, rac-dimethylsiiylene-bis{1 -(2-ethyl-4-(2 f 4-dimethylphenyl)indenyl)}zirconium dichloride, rac-dimethylsi- 
lylene-bis{1-(2-ethyl-4-(2,5- dimethylphenyl)indenyl)}zirconium dichloride, rac-dimethyisilylene-bis{1-(2-ethyl-4-(2,4.6- 
trimethylphenyl)indenyl)}zirconium dichloride. rac-dimethylsilylene-bis{1-(2-e^ 

dichloride, rac-dimethylsilylene-bis{1 -(2-ethyl-4-(m-chlorophenyl)indenyl)Jzirconium dichloride, rac-dimethylsilylene- 
bis{1 -(2-ethyl-4-(p-chlorophenyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2-ethyl-4-(2,3-dichlorophe- 
nyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 ^2-ethyl-4-(2,6-dichlorophenyl)indenyl)}zirconium dichlo- 
ride, rac<iimethylsilylene43is{1-(2-ethyW dichloride, rac-dimethylsilylene-bis{1 - 
(2-ethyl-4-(2-bromophenyl)indenyl)}zirconium dichloride, rac<limethylsilylene-bis{1-(2-ethyl-4-(3-bromophenyl)inde- 
nyi)}zirconium dichloride, rac-dimethyisilylene-bis{1 -(2-ethyl-4-(4-bromophenyl)indenyl)}zirconium dichloride, rac- 
dimethylsilylene-bis{1 -(2-ethyl-4-(4-biphenylyl)indenyl)}zirconium dichloride, rac-dimethylsilytene-bis{1 -(2-ethyl-4-(4- 
trimethylsilylphenyl)indenyl)}zirconium dichloride, rac<limethylsilylene-bis[1-(2-n-propyl-4-phenylirxienyl)}zirconium 
dichloride, rac-dimethylsilylene-bis{1- (2 -n-propyl-4-(a-naphthy I) indenyl)} zirconium dichloride, rac<iimethylsilylene- 
bis{1 -(2-n-propyl-4-(p-naphthyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -<2-n-propyl-4-(2-methyM - 
naphthyl)indenyl)}zirconium dichloride, rac<iimethyisilylene-bis{1-(2-n-propyl-4-(5^ 

dichloride, rac<iimethylsilylene-bis{1-(2-n-propyl-4-(9-anthry I) indenyl)} zirconium dichloride, rac-dim ethyl si lylene-bis{1 - 
(2-n-propyl-4-(9iDhenanthryl)indenyl)}zirconium dichloride, rac-dimethylsi!ylene-bis{1-(2-i-propyl-4-phenylindenyl)}zir- 
conium dichloride, rac<Jimethylsilylene-bis{1-(2-i-propyl-4-(a-naphthyl)indenyl)}zirconium dichloride. rac-dimethyisi- 
lylene-bis{1 -(2-i-propyl-4-(p-naphthy0indenyl)}ztrconium dichloride, rac-dimethylsilylene-bis{1 -(2-i-propyl-4-(8-methyl- 
9-naphthyl)indenyl)}zirconium dichloride. rac-dimethylsilylene-bis{1 -(2-i -propyl -4- (5-acenaphthyl)indenyl)}zirconium 
dichloride. rac-dimethylsilylene-bis{1-(2-i-propyl-4-(9- anthryl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1- 
(2-i-propyl-4-(9-phenanthryi)indenyl)}zirconium dichloride. rac<iimethylsilylene-bis{1-(2-s-butyl-4-phenylindenyl)}zirco- 
nium dichloride, rac<limethylsilylene-bis{1-(2-5-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride, rac-dimethylsilylene- 
bis{1 -(2-s-butyl-4-(p-naphthyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2-s-butyl-4-(2-methyl-1 -naph- 
thyl)indenyl)}zirconium dichloride. rac-dimethyisilylene-bis{1 -(2-s-butyl-4-(5-acenaphthyi)indenyl)}zirconium dichloride. 
rac-dimethylsilylene-bis{1 -(2-s-butyi-4-(9-anthryl)indenyl)}zirconium dichloride. rac-dimethylsilylene-bis{1 -(2-s-butyl-4- 
(9-phenanthryl)indenyl)}zirconium dichloride, rac<Jimethylsilylene-bis{1 -(2-n-pentyl-4-phenyiindenyl)}zirconium dichlo- 
ride, rac-dimethylsiiylene-bis{1-(2-n-pentyl-4-(a-naphthyl)indenyl)}zirconium dichloride. rac-dimethylsilylene-bis{1-(2-n- 
butyl-4-phenylindenyl)}zirconium dichloride, rac-dimethyisilylene-bis{1 -(2-n-butyl-4-(a- naphthyl)indenyl)}zirconium 
dichloride, rac-dimethylsilylene-bis{1 -(2-n-butyl-4-(p-naphthyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{ 1 - 
(2-n-butyl-4-(2-methyl-1-naphthyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1-(2-n-butyl-4-(5-acenaph- 
thyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1-(2-n-butyl-4-(9-anthryl)indenyl)}zirconium dichloride, rac- 
dimethyisilylene-bis{1 -(2-n-butyl-4-(9-phenanthryl)iridenyl)}zirconium dichloride, rac-dimethyisilylene-bis{1 -(2-i-buty!-4- 
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phenylindenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2-i-butyl-4-(a-naphthyl)indenyl)}2irconium dichloride, 
rac-dimethy!silylene-bis{1 -(2-i-butyl-4-(p-naphthyl)indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2-i-butyl-4- 
(2-methyl-1 -naphthyl)indenyl)]zirconium dichloride, rac-dimethylsilylene-bis{1 -(2-i-butyl-4-(5-acenaphthyl)indenyl)}zir- 
conium dichloride, rac-dimethylsilylene-bis{1-(2-i-butyl-4-(9-anthryl)indenyl)}zirconium dichloride, rac<Jimethylsilylene- 
bis{1 -(2-i-butyl-4-(9-phenanthryl)indenyl)} zirconium dichloride, rac-dimethyisilylene-bis{1 -(2-neopentyl-4- phenylinde- 
ny!)}zirconium dichloride, racndimethylsilylene-bis{1-(2-neopentyl-4-(a-napWhyl)indenyl)}zi^ dichloride, rac- 
dimethylsilylene*bis{1-(2-n-hexyl-4-phenylindenyl)}zirconiurri dichloride, rac<Jimethylsilylene-bis{1-(2-n-hexyl-4-(<x- 
naphthyl)indenyl)}zirconium dichloride, rac-methylphenylsilylene-bis{1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride. 
rac-methylphenylsilylene-bis{1 -(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride, rac-methylphenylsilylene-bis{l -(2- 
ethyl-4-(9-anthryl)indenyl)}zirconium dichloride, rac-methyiphenylsilylene-bis{1-(2-ethyl-4-(9-phenanthryl)indenyl)}zir- 
conium dichloride, rac-diphenylsilylene-bis{1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride. rac-diphenylsilylene-bis{1 - 
(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride, rac<iiphenylsilylene-bis{1-(2-ethyl-4-(9-anthryl)indenyl)}zirconium 
dichloride, rac-diphenylsilylene^is{1-(2-ethyM-(9-phenanthryl)indenyl)}zirconium dichloride, rac-diphenylsilylene- 
bis{1 -(2-ethyl-4-(4- biphenylyl)indenyl)}zirconium dichloride, rac- methyl ene-bis{1 -(2-ethyl-4-phenylindenyl)}zirconium 
dichloride, rac-methylene-bis{1 -(2-ethyl"4-(a-naphthyl)indenyl)}zirconium dichloride, rac-ethylene-bis{1 -(2-ethyl-4-phe- 
nylindenyl)]zirconium dichloride, rac-ethyiene-bis{1-(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride, rac-ethylene- 
bis{1 -(2-n-propyl-4-(a-naphthyl)indenyl)}zirconium dichloride, rac-dimethylgermyl-bis{1 -(2-ethyl-4-phenylindenyl)}zir- 
conium dichloride, rac -dimethylger my I -bis{1-(2-ethyl-4-(a-naphthyi)indeny I)} zirconium dichloride, and rac-dimethylger- 
myl-bis{1 -(2-n-propyl-4-phenylindenyl)}zirconium dichloride. 

[021 7] Also available are compounds wherein zirconium is replaced with titanium or hafnium in the above-exemplified 
compounds. 

[0218] Next, the transition metal compound represented by the formula (II") is described. 




(II") 



[021 9] In the above formula, M 1 is a transition metal atom of Group 4 of the periodic table, specifically titanium, zirco- 
nium or hafnium, preferably zirconium. 

[0220] R 31 and R 32 may be the same or different, and are each a hydrocarbon group of 1 to 20 carbon atoms, a hal- 
ogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing group, a sulfur- 
containing group, a nitrogen -containing group, a phosphorus-containing group, a hydrogen atom or a halogen atom. 
Examples of R 31 and R 32 include those previously described with respect to L 1 in the formula (I). 
[0221] R 31 is preferably a hydrocarbon group of 1 to 20 carbon atoms, particularly preferably a hydrocarbon group of 
1 to 3 carbon atoms, i.e., methyl, ethyl or propyl. 

[0222] R 32 is preferably a hydrogen atom or a hydrocarbon group of 1 to 20 carbon atoms, particularly preferably a 
hydrogen atom or a hydrocarbon group of 1 to 3 carbon atoms, i.e.. methyl, ethyl or propyl. 

[0223] R 33 and R 34 may be the same or different, and are each an alky! group of 1 to 20 carbon atoms. Examples of 
the alkyl groups include methyl, ethyl, n-propyl, isopropyl. n-butyl. isobutyl. sec-butyl, tert-butyl, n-pentyl, neopentyl, n- 
hexyl. cyclohexyl, octyl, nonyl, dodecyl. eicosyl, norbornyl and adamantyl. 
[0224] R 33 is preferably a secondary or tertiary alkyl group. 

[0225] X 1 and X 2 may be the same or different, and are identical with X 1 and X 2 , respectively, in the formula (II). 
[0226] Y 1 is identical with Y 1 in the formula (II). 

[0227] Examples of the transition metal compounds represented by the formula (II") include: 

rac-dimethylsilylene-bis{1 .(2,7-dimethyl-4-ethylindenyl)}zirconium dichloride. rac-dimethylsilylene-bis{1-(2.7- 
dimethyl-4-n-propylindenyl)}zirconium dichloride. rac<limethylsily!ene-bis{1-(2.7<Jimethyl-4-i-propylindenyl)}zirconium 
dichloride rac<Jimethylsilylene-bis{1-(2,7-dimethyl-4-n-butylindenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 - 
(2 7Kjimethyl-4-sec-butylindenyi))zirconium dichloride, rac-dimethylsilylene-bis{1 -(2,7-dimethyl-4-t-butyl l ndenyl)}zirco- 
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nium dichloride, racKJimethylsily!ene-bis{1-(2J<limethyl-4-n-pentylindenyl)}zirconium dichloride, rac-dimethylsilylene- 
bis{1 -(2,7-dimethyl-4-n- hexylindenyl)}zirconium dichloride, rac<limethylsilylene-bis{1-(2,7-dimethyl-4-cycIohexylinde- 
nyl)}zirconium dichloride, rac-dimethylsilyiene-bis{1 -(2,7-dimethyl-4-rnethylcyclohexylindenyl)}zirconium dichloride, 
rac<iimethylsilylene-bis{1-(2,7<limethyl-4-phenylethylindenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1-(2,7- 
dimethyl-4-pheny!dichloromethylindenyl)}zirconium dichloride, rac<limethylsilylene-bis{1-(2,7-dimethyl-4K:hloromethyl- 
indenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2,7<Jimethyl-4-trimemylsilylmethylindenyl)}zirconium dichlo- 
ride, rac-dimethylsilylene-bis{1 -(2,7<iimethyl-4-trimethylsiloxymethylindenyl)}zirconium dichloride, rac-diethylsilylene- 
bis{1-(2.7<iimethyl-4-i-propylindenyl)}zirconium dichloride, rac-di(i-propyl)silylene-bis{1-(2,7-dimethyl-4-i-propylinde- 
nyl)}zirconium dichloride, rac<Ii(n-butyl)silylene4Dis{1-(2,7<Jimethyl-4-i-propylindenyl)}zirconium dichloride, rac- 
di(cyclohexyl)silylene-bis{1 -(2,7-dimethyl-4-i-propylindenyl)}zirconium dichloride, rac-methylphenylsilylene-bis{1 -(2,7- 
dimethyl-4-i-propylindenyl)}zirconium dichloride, rac-methylphenylsilylene-bis{1 -(2,7-dimethyl-4-t- butylindenyl)}zirco- 
nium dichloride, rac-diphenylsilylene-bis{1-(2,7<Jimethyl-4-t-butylindenyl)}zir(^nium dichloride, rac-diphenylsilylene- 
bis{1 -(2,7<limethyl-4-i-propylindenyl)}zirconium dichloride, rac-diphenylsilylene-bis{1 -(2,7-dimethyi-4-ethylindenyl)}zir- 
conium dichloride, rac<Ji(p-toly1)silylene-bis{H^ dichloride. rac-di(p-chloroph- 

enyl)silyIene-bis{1-(2,7-dirriethyl-4-i-propylindenyl)}zirconium dichloride, rac-dimethylsiIylene-bis{1-(2-methyl-4-i- 
propyl-7-ethylindenyl)}zirconium dibromide, rac-dimethylsilylene-bis{1 -(2. 3, 7-trimethyl-4-ethylindenyl)} zirconium 
dichloride, rac<limethylsilylene-bis{1-(2,3,7-trimethyl-4-n-propylindenyl)}zircon dichloride, rac-dimethylsilylene- 
bis{1 -{2.3.7-trimethyl-4-i-propylindenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2,3, 7-tri methyl -4-n-butylinde- 
nyl)}zirconium dichloride, racHdimethylsilylene^is{1-(2,3,74rim^ dichloride, rac- 

dimethy1sily1ene-bis{1-(2,3,7-trim^ dichloride, rac-dimethylsilylene-bis{1-(2,3,7-trime- 

thyl-4-n- pentylindenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2,3, 7-trim ethyl -4-n-hexylindenyl)}zirconium 
dichloride. rac-dimethylsilyiene-bis{1 -(2.3.7-trimethyl-4-cyclohexylindenyl)}zirconium dichloride, rac-dimethylsilylene- 
bis{1 -(2.3.7-trimethyl-4-methylcyclohexylindenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2,3.7-trimethyl-4-tri- 
methylsilylmethylindenyl)}zirconium dichloride. rac-dimethylsilylene-bis{1-(2,3.7-trimethyl-4-trimethylsiloxymethylinde- 
nyl)}zirconium dichloride, rac-dimethylsilylene-bis{1-(2,3,7-trimethyl-4-phenylethylindenyl)}zirconium dichloride, rac- 
dimethylsilylene-bis{1 -(2,3,7-trimethyl-4-phenyldichloromethylindenyl)}zirconium dichloride, rac<iimethylsilylene-bis{1 - 
(2,3. 7-trimethyl-4-chloromethylindenyl)}zirconium dichloride. rac<Jiethylsilylene-bis{1 -(2,3,7-trimethyl-4-i-propylinde- 
nyl)}zirconium dichloride, rac-di(i-propyl)silylene-bis{1 -(2,3,7-trimethyl-4-i-propylindenyl)}zirconium dichloride, rac-di(n- 
butyl)silylene-bis{1-(2,3,7-trimethyl-4-i-propylindenyl)}zirconium dichloride, rac<li(cyclohexyl)silylene-bis{1-(2 f 3.7-tri- 
methyl-4-i- propylindenyl)}zirconium dichloride, rac-methylphenylsilylene-bis{1 -(2,3,7-trimethyl-4-i-propylindenyl)}zirco- 
nium dichloride. rac-methylphenylsilylene-bis{1-(2.3,7-trimethyl-4-t-butylindenyl)}zirconium dichloride, rac- 
diphenylsilylene-bis{1-(2,3,7-trimemyl-4-t-butylindenyl)}zirconium dichloride. rac-diphenylsilylene-bis{1-(2,3.7-trime- 
thyl-4-i-propylindenyl)}zirconium dichloride. rac-diphenylsilylene-bis{1 -(2,3.7-trimethyl-4-ethylindenyl)}zirconium dichlo- 
ride. rac<li(p-tolyl)silylene-bis{1 -(2,3,7-trimethyl-4-i-propylindenyl)}zirconium dichloride. rac-di(p-chlorophenyl)silylene- 
bis{1 -(2,3,7-trimethyl-4-i-propyiindenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1 -(2-methy1-4-i-propyl-7-methyl- 
indeny»)}zirconium dimethyl. rac-dimethylsilylene-bis{l -(2-methyl-4-i-propyl-7-methylindenyl)}zirconium methylchloride, 
rac-dimethylsilylene-bis{1-(2-metriyl-4-i-propyl-7-methylindenyl)}zirconium-bis(methanesu rac-dimethylsi- 
lylene-bis{1-(2-methyl-4-i-prc^yl-7-metrTylindenyl)}zirconium-bi rac<limethylsilylene-bis{1-(2- 
methyl-3-methyl-4-iiDropyl-7-methylindenyl)}zirconium dichloride, rac-dimethylsilylene-bis{1-(2-methyl-4,6-di-i-propyl- 
indenyl)}zirconium dichloride, rac<iimethylsilylene-bis{l-(2-ethyl-4-i^ dichloride, rac- 

dimethylsilylene-bis{1 -(2-phenyl-4-i-propyl-7-methylindenyl)}zirconium dichloride, rac-dimethylsilytene-bis{1 -(2-methyl- 
indenyl)}zirconium dichloride. rac-ethyiene-bis{1-(2,4.7-trimethylindenyl)}zirconium dichloride. and rac-isopropylidene- 
bis{1 -(2,4,7-trimethylindenyl)}zirconium dichloride. 

[0228] Also available are compounds wherein zirconium is replaced with titanium or hafnium in the above-exemplified 
compounds. 

[0229] The transition metal compound wherein two ligands having a cyclopentadienyt skeleton are bonded to each 
other through a divalent bonding group can, for example, be represented by the following formula: 
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10 



15 




(Ha) 



20 

[0230] In the above formula, M is a transition metal atom selected from atoms of Groups 3 to 6 of the periodic table. 
[0231 ] Y 2 is a carbon atom, silicon atom or germanium atom. 

25 [0232] R 1 and R 2 may be the same or different, and are each a hydrogen atom, a group of 1 to 40 carbon atoms, a 
group OH. a halogen atom or a group NR 15 2 (where R 15 is a halogen atom, an alkyl group of 1 to 10 carbon atoms or 
an aryl group of 6 to 1 0 carbon atoms), or R 1 and R 2 may be bonded to form a ring together with the atom which binds 
them. Examples of the above groups of 1 to 40 carbon atoms include an alkyl group of 1 to 10 carbon atoms, an alkoxy 
group having 1 to 10 carbon atoms, an aryl group of 6 to 10 carbon atoms, an aryloxy group having. 6 to 25 carbon 

30 atoms, an alkenyl group having 2 to 1 0 carbon atoms, an arylalkyt group having 7 to 40 carbon atoms or an arylalkenyl 
group having 7 to 40 carbon atoms. 

[0233] R 3 , R 4 . R 5 , R 6 . R 7 , R 8 and R 9 may be the same or different, and are each a hydrogen atom, a halogen atom, 
a group of 1 to 40 carbon atoms, -SiR 15 3 . -NR 15 2 , or -PR 15 2 (where R 15 may be the same or different; and are each a 
halogen atom, an alkyl group of 1 to 10 carbon atoms or an aryl group of 6 to 10 carbon atoms), or two or more of adja- 
35 cent groups R 3 , R 4 . R 5 , R 6 , R 7 . R 8 and R 9 may be bonded together with the atoms to which they are bonded to form a 
ring preferably having 4 to 40, particularly preferably 6 to 20, carbon atoms. Examples of the above group of 1 to 40 
carbon atoms include an optionally halogenated alkyl group of 1 to 10 carbon atoms, an optionally halogenated aryl 
group of 6 to 30 carbon atoms, an aryloxy group of 2 to 20 carbon atoms, an alkenyl group of 2 to 1 2 carbon atoms, an 
arylalkyl group of 7 to 40 carbon atoms, an alkylaryl group of 7 to 40 carbon atoms or an arylalkenyl group of 8 to 40 

40 carbon atoms. , _ 3 _ 4 

[0234] R 10 is a hydrogen atom or a group of 1 to 40 carbon atoms, or R may be bonded to at least one of R , R , 
R 5 or R 6 . Examples of the above group of 1 to 40 carbon atoms include an alkyl group of 1 to 20 carbon atoms, an 
alkoky group of 1 to 10 carbon atoms, an aryl group of 6 to 20 carbon atoms, an aryloxy group of 2 to 20 carbon atoms, 
an alkenyl group of 2 to 12 carbon atoms, an arylalkyl group of 7 to 40 carbon atoms, an alkylaryl group of 7 to 40 car- 

45 bon atoms or an arylalkenyl group of 8 to 40 carbon atoms. These groups may be substituted, for example, with -NR 2 , 
-SiR 15 3 . -SR 15 or -OSiR 15 3 (where R 15 is a halogen atom, an alkyl group of 1 to 10 carbon atoms or an aryl group of 6 
to 10 carbon atoms). 

[0235] R 1 1 and R 12 may be the same or different, and are each a hydrogen atom or a group of 1 to 40 carbon atoms. 
Examples of the above group of 1 to 40 carbon atoms include an alkyl group of 1 to 20 carbon atoms, an alkoky group 
so of 1 to 10 carbon atoms, an aryl group of 6 to 20 carbon atoms, an alkenyl group of 2 to 12 carbon atoms, an arylalkyl 
group of 7 to 40 carbon atoms, an alkylaryl group of 7 to 40 carbon atoms or an arylalkenyl group of 8 to 40 carbon 
atoms. These groups may be substituted, for example, with -NR 15 2 , -SiR 15 3 . -SR 15 or -OSiR 15 3 (where R is a halogen 
atom, an alkyl group of 1 to 10 carbon atoms or an aryl group of 6 to 10 carbon atoms). 

[0236] R 13 and R 14 may be the same or different, and are each a hydrogen atom or a group of 1 to 40 carbon atoms. 
55 Examples of the above group of 1 to 40 carbon atoms include an alkyl group of 1 to 20 carbon atoms, an alkoky group 
of 1 to 10 carbon atoms, an aryl group of 6 to 20 carbon atoms, an alkenyl group of 2 to 12 carbon atoms, an arylalkyl 
group of 7 to 40 carbon atoms, an alkylaryl group of 7 to 40 carbon atoms or an arylalkenyl group of 8 to 40 carbon 
atoms These groups may be substituted, for example, with halogen atom. -NR 15 2 , -SiR 15 3 . -SR 5 or -OSiR 3 (where 
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R 15 is a halogen atom, an alky! group of 1 to 10 carbon atoms or an aryl group of 6 to 10 carbon atoms). 

[0237] When Y 2 is a carbon atom, and R 10 , R 13 and R 14 are each a methyl group, at least one of R 3 , R 5 , R 6 , R 7 and 

R 9 is not a hydrogen atom, and/or R 8 is a hydrogen atom. 

[0238] Of the transition metal compounds represented by the above formula (I la), preferable are those wherein 

5 

M is a metal atom of Group 4 of the periodic table, for example, titanium, zirconium or hafnium, preferably zirco- 
nium, 

R 1 and R 2 are the same and are each an alkyl group of 1 to 4 carbon atoms or a halogen atom (e.g. fluorine, chlo- 
rine, bromine or iodine, preferably chlorine), 

10 R 3 t R 4 , R 5 , R 6 , R 7 , R 8 and R 9 may be the same or different, and are each a hydrogen atom, an alkyl group of 1 to 
10 carbon atoms or an aryl group of 6 to 24 carbon atoms, or two or more of the adjacent groups R 3 , R 4 , R 5 , R 6 , 
R 7 , R 8 and R 9 are bonded together with the atoms to which they are bonded to form a ring of 4 to 20 carbon atoms, 
R1 0 is a hydrogen atom, an aryl group of 6 to 24 carbon atoms or an alkyl group of 1 to 1 0 carbon atoms (preferably 
an alkyl group of 1 to 4 carbon atoms), 

is Y 2 is a carbon atom, 

R 13 and R 14 may be the same or different, and are each a hydrogen atom or a hydrocarbon group of 1 to 1 0 carbon 
atoms (preferably an alkyl group of 1 to 4 or an aryl group of 6 to 10 carbon atoms), and 
at least one of R 3 , R 5 , R 6 . R 7 and R 9 is not a hydrogen atom, and/or R 8 is a hydrogen atom. 

20 [0239] Particularly preferable are transition metal compounds of formula (lla) wherein 

M is zirconium, 

R 1 and R 2 are the same, and are each a halogen atom, preferably chlorine, 

R 3 f R 4 , R 5 , R 6 , R 7 , R 8 and R 9 may be the same or different, and are each an alkyl group of 1 to 4 carbon atoms 
25 (e.g. methyl, ethyl, propyl, isopropyl. butyl or isobutyl) or an aryl group of 6 to 1 4 carbon atoms (e.g. phenyl or naph- 
thyl), or R 3 and R 4 , and/or R 5 and R 6 are bonded together with the atoms to which they are bonded to form a ring 
4 to 20 carbon atoms, preferably a 6-rnembered ring which may be substituted. 
R 8 is a hydrogen atom, 
Y2 is a carbon atom, 

30 R 10 is a hydrogen atom, an alkyl group of 1 to 6 carbon atoms (particularly methyl) or an aryl group of 6 to 1 0 car- 
bon atoms (particularly phenyl), 

R 11 and R 12 are the same, and are each a hydrogen atom, and 

R 13 and R 14 may be the same or different, and are each methyl or phenyl. 

35 [0240] Specific examples of the transition metal compounds of formula (lla) include: 

{4-(^ 5 -cyclopentadienyl)(Ti 5 -4 l 5-tetrahydropentalene)}dichlorotitanium l {4-(Ti 5 -cyclopentadienyl)(Ti 5 -4 t 5-tetrahy- 
dropentalene)}dichlorozirconium, {4-(ii 5 -cyclopentadienyl)(T| 5 -4,5-tetrahydropentalene)}dichlorohafnium, {4-(^ 5 - 
cyclopentadienyl)-4-methyl-(Ti 5 -4,5-tetrahydropentalene)}dichlorozirconium, {4-(ii 5 -cyclopentadienyl)-4-ethyl-(Ti 5 -4,5- 
tetrahydropentaJene)}dichlorozirconium and {4-(r| 5 -cyclopentadienyl)-4-phenyl-(Ti 5 -4,5-tetrahydropentalene)}dichloro- 

40 zirconium. 

[0241] In the present invention, a compound represented by the following formula (III) is also employable as the tran- 
sition metal compound (A). 

L 2 M 2 X 3 2 (III) 
[0242] In the above formula, M z is a transition metal atom of Group 4 of the periodic table. 

[0243] L 2 is a derivative of a delocalized 7t-bond group and imparts a constraint geometric shape to an active site of 
the metal M 2 . 

[0244] Each X 3 may be the same or different, and is a hydrogen atom, a halogen atom, a hydrocarbon group contain- 
50 ing 20 or less carbon atoms, a silyl group containing 20 or less silicon atoms, or a germyl group containing 20 or less 
germanium atoms. 

[0245] Of the compounds represented by the formula (III), a compound represented by the following formula (IIP) is 
preferable. 
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Y 



2 



w 



40 



45 



/ / 

Cp M 2 



( X3 >2 ... (Ill 1 ) 



[0246] In the above formula, M 2 is a transition metal atom of Group 4 of the periodic table, specifically zirconium, tita- 
nium or hafnium, preferably zirconium. 
is [0247] Cp is a cyclopentadienyl group 7t-bonded to M 2 or a derivative thereof. 

[0248] Z is a ligand containing an oxygen atom, a sulfur atom, a boron atom or an atom of Group 1 4 of the periodic 
table, for example, -Si(R 35 2 )-, -C^)-. -Si(R 35 2 )Si(R 35 2 )-, -C(R 35 2 )C(R 35 2 )-. .C(R 35 2 )C(R 35 2 )C(R 35 2 )-. - 
C(R 35 )=C(R 35 )-, -C(R 35 2 )Si(R 35 2)- or Ge(R 35 2 )-. 

[0249] Y 2 is a ligand containing a nitrogen atom, a phosphorus atom, an oxygen atom or a sulfur atom, for example, 
20 -N(R 36 )-, -O-. -S- or -P(R 36 )-. 

[0250] Z and Y 2 may together form a condensed ring. 

[0251] R 35 is a hydrogen atom, or a group selected from alkyl groups, aryl groups, silyl groups, halogenated alkyl 
groups and halogenated aryl groups and mixtures thereof. R 36 is an alkyl group of 1 to 10 carbon atoms, an aryl group 
of 6 to 1 0 carbon atoms or an aralkyl group of 7 to 10 carbon atoms, or R 36 may form together with one or more of R 

25 a condensed ring containing up to 30 non-hydrogen atoms. 

[0252] Examples of the transition metal compounds represented by the formula (III) include: 

(tert-butylamido)(tetramethyl-n 5 -cyclopentadienyl)-1 ,2-ethanediylzirconium dichloride. (tert-butylamido)(tetram- 
ethyl-T! 5 -cyciopentadienyl)-1,2-ethanediyltitanium dichloride. (methylamido)(tetramethyi-n 5 -cyclopentadienyl)-1 ,2- 
ethanediylzirconium dichloride. (methylamido)(tetramethyl-Ti 5 -cyclopentadienyi)-1,2-ethanediyltitanium dichloride, 

30 (ethylamido)(tetramethyl-n 5 -cyclopentadienyl)methylenetitanium dichloride, (tert-butylamido)dimethyl(tetramethyl-ri - 
cyclopentadienyl)silanetitanium dichloride, (tert-butylamido)di methyl (tetramethyl-Ti 5 -cyclopentadienyl)silanezirconium 
dichloride, (benzylamido)dimethyl(tetramethyl-n 5 -cyclopentadienyl)silanetitanium dichloride, and (phenylphos- 
phido)dimethyl(tetramethyl-T| 5 -cyclopentadienyl)silanezirconiumdibenzyl. 

[0253] Next, the following formula (IV) represents a compound of a transition metal of Groups 8 to 10 of the periodic 
35 table. 



(r 41 -^- x 4 r 43 x 5 — e R 42 k 



M 3 



R 44 R 45 (IV) 



[0254] In the above formula, M 3 is a transition metal atom of Groups 8 to 10 of the periodic table, preferably nickel, 
palladium or platinum. 

so [0255] X 4 and X s may be the same or different, and are each a nitrogen atom or a phosphorus atom. 

[0256] R 41 and R 42 may be the same or different, and are each a hydrogen atom or a hydrocarbon group. Examples 
of the hydrocarbon groups include straight-chain or branched alkyl groups of 1 to 20 carbon atoms, such as methyl, 
ethyl, n-propyl, isopropyl. n-butyl. isobutyl. sec-butyl, tart-butyl, pentyl and hexyl; aryl groups of 6 to 20 carbon atoms, 
such as phenyl and naphthyi; and substituted aryl groups which have 1 to 5 substituents such as alkyl groups of 1 to 20 

55 carbon atoms. . v4 , v5 

[0257] m and n may be the same or different, are each 1 or 2. and are numbers satisfying the valences of X and X , 

respectively. 
[0258] R 43 is 



57 

BNSOOC1D: <EP 0924223A2_I_> 



EP 0 924 223 A2 



R 50 R SS R 50 R 57 R 52 R 57 R 50 R 55 



70 wherein R 50 , R 55 , R 51 , R 52 . R 56 and R 57 may be the same or different, and are each a hydrogen atom or a hydrocarbon 
group such as described above for R 41 and R 42 . 

[0259] Two or more groups, preferably adjacent groups, of R 41 , R 42 , R 50 (or R 51 . R 52 ) and R 55 (or R 56 , R 57 ) may be 
bonded to form a ring. 

[0260] R 44 and R 45 may be the same or different, and are each a hydrogen atom, a halogen atom or a hydrocarbon 
15 group. 

[0261] The halogen atom is fluorine, chlorine, bromine or iodine. 

[0262] Examples of the hydrocarbon groups include the alkyl groups of 1 to 20 carbon atoms and the aryl groups of 
6 to 20 carbon atoms described above with respect to R 41 and R 42 ; and aralkyl groups of 7 to 20 carbon atoms, such 
as benzyl. The aryl groups and the aralkyl groups may be substituted with one or more substituents such as alkyl 

20 groups of 1 to 20 carbon atoms. 

[02631 R 44 and R 45 may be each a group represented by -OR 46 , -SR 47 -N(R 48 ) 2 or -P(R 49 ) 2 . 
[0264] R 46 to R 49 are each an alkyl group of 1 to 20 carbon atoms or an aryl group of 6 to 20 carbon atoms such as 
described above for R 41 and R 42 ; a cycloalkyl group of 6 to 20 carbon atoms such as cyclohexyl; an aralkyl group of 7 
to 20 carbon atoms such as benzyl; or an organosilyl group such as methylsilyi, dimethylsilyl. trimethylsilyl, ethylsilyl, 

25 diethylsilyl or tri ethylsilyl. The aryl group and the aralkyl group may be substituted with one or more substituents such 
as alkyl groups of 1 to 20 carbon atoms. Both R 48 or both R 49 may be bonded to form a ring. 
[0265] R 44 and R 45 may be bonded to form a ring. 

[0266] The transition metal compound represented by the formula (IV) is preferably a compound represented by the 
following formula (IV): 

30 



35 



40 




(R 41 -^r- x* x 3 — + R 42 )n 



(IV 1 ) 



wherein M 3 , X 4 , X 5 , R 41 , R 42 . R 44 , R 45 , R 50 and R 55 are identical with those in the aforesaid formula (IV). 

[0267] Listed below are examples of the transition metal compounds represented by the formula (IV) wherein iPr 

denotes an isopropyl group. 
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H 3 C CHi 




iPr / \ iPr 



55 

[0268] Also available as the transition metal compounds represented by the formula (IV) are compounds wherein pal- 
ladium or nickel is replaced with platinum in the above-exemplified compounds. 

68 

BNSOOCID: <EP 0924223A2_L> 



EP 0 924 223 A2 

[0269] Other examples of the compounds represented by the formula (IV) are given below wherein iPr denotes an 
isopropyl group. 
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[0270] Also available as the transition metal compounds represented by the formula (IV) are compounds wherein pal- 
ladium or nickel is replaced with platinum in the above-exemplified compounds. 
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[0271] Next, the following formula (V) represents an amide compound of a transition metal of Groups 3 to 6 of the 
periodic table. 

R 1 

5 I 

(<E ro )A)„ M*X 6 P 

\ y ... (V) 

I 

10 R » i 



15 [0272] In the above formula, M 4 is a transition metal atom of Groups 3 to 6 of the periodic table, preferably a transition 
metal atom of Group 4 of the periodic table such as titanium, zirconium or hafnium. 

[0273] FT and R" may be the same or different, and are each a hydrogen atom, a hydrocarbon group, a halogenated 
hydrocarbon group, an organosilyl group or a hydrocarbon group substituted with a substituent containing at least one 
element selected from nitrogen, oxygen, phosphorus, sulfur and silicon. 

20 [0274] Examples of the hydrocarbon groups include straight-chain or branched alkyl groups of 1 to 20 carbon atoms, 
such as methyl, ethyl, n-propyl, isopropyl. n-butyl. isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, octyl, decyl and octadecyl; 
aryl groups of 6 to 20 carbon atoms, such as phenyl and naphthyl; substituted aryl groups wherein these aryl groups 
are substituted with 1 to 5 substituents such as alkyl groups of 1 to 20 carbon atoms; cycloalkyl groups, such as 
cyclopentyl, cyclohexyl, norbornyl and adamantyl; alkenyl groups, such as vinyl, propenyl and cyclohexenyl; and aryla- 

25 Iky! groups, such as benzyl, phenylethyl and phenylpropyt. 

[0275] Examples of the halogenated hydrocarbon groups include the above-exemplified hydrocarbon groups which 
are substituted with halogens. 

[0276] Examples of the organosilyl groups include methylsilyl, dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, tri- 
ethylsiiyl and triphenylsilyl. 

30 [0277] Examples of the hydrocarbon groups substituted with a substituent containing at least one element selected 
from nitrogen, oxygen, phosphorus, sulfur and silicon include the above-exemplified hydrocarbon groups which are sub- 
stituted, for example, with -COOCH 3 , -N(CH 3 )C(0)CH 3 , -OC(0)CH 3 , -CN, -N(C 2 H 5 ) 2 , ;N(CH 3 )S(0 2 )CH 3 or -P(C 6 H 5 ) 2 . 
[0278] m is an integer of 0 to 2. 
[0279] n is an integer of 1 to 5. 

35 [0280] A is an atom of Groups 13 to 16 of the periodic table, specifically a boron atom, a carbon atom, a nitrogen 
atom, an oxygen atom, a silicon atom, a phosphorus atom, a sulfur atom, a germanium atom, a selenium atom or a tin 
atom, preferably a carbon atom or a silicon atom. When n is 2 or more, plural A may be the same or different. 
[0281] E is a substituent having at least one element selected from carbon, hydrogen, oxygen, halogen, nitrogen, sul- 
fur, phosphorus, boron and silicon. When m is 2, two of E may be the same or different, and two of E may be bonded 

40 to form a ring. 

[0282] Examples of the bonding groups represented by -((E m )A) n - capable of bonding the two nitrogen atoms are 
given below. 

-CH 2 -, -C(Me) 2 -, -C(Ph) 2 -, -Si(Me) 2 -, -SKPhfe-. -Si(Me)(Ph)-. -CH 2 CH 2 -, -CH 2 Si(Me) 2 -, -CH 2 CH 2 CH 2 -, - 
CH 2 C(Me) 2 CH 2 -, -CH 2 C(Et) 2 CH2- f -CH 2 C(n-Pr) 2 CH 2 -, -CH 2 C(i-Pr) 2 CH 2 -, -CH 2 C(n-Bu) 2 CH 2 -, -CH 2 C(i-Bu) 2 CH 2 -, - 
45 CH 2 C(s-Bu) 2 CH 2 -. -CH 2 C(c-Pen) 2 CH 2 - t -CH 2 C(c-Hex) 2 CH 2 -, -CH 2 C(Ph) 2 CH 2 -, -CH 2 C(Me)(Et)CH 2 - f -CH 2 C(Me)(i- 
Pr)CH 2 -, -CH 2 C(Me)(i-Bu)CH 2 -, -CH 2 C(Me)(t-Bu)CH r , -CH 2 C(Me)(i-Pen)CH 2 -, -CH 2 C(Me)(Ph)CH 2 -, -CH 2 C(Et)(i- 
Pr)CH 2 -, -CH 2 C(Et)(i-Bu)CH 2 -, -CH 2 C(Et)(i-Pen)CH 2 -, -CH 2 C(i-Pr)(i-Bu)CH 2 -, -CH 2 C(i-Pr)(i-Pen)CH 2 -, - 
CH 2 Si(Me) 2 CH 2 -, -CH 2 Si(Et) 2 CH 2 - ( -CH 2 Si<n-Bu) 2 CH 2 -, -CH 2 Si(Ph) 2 CH 2 -, -CH(Me)CH 2 CH(Me)-, 
CH(Ph)CH 2 CH(Ph)-, -Si(Me) 2 OSi(Me) 2 -, -CH 2 CH 2 CH 2 CH 2 -, -Si(Me) 2 CH 2 CH 2 Si(Me) 2 -, 

50 

Cx . CX. tx 
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[0283] In the above examples. Me denotes a methyl group, Et denotes an ethyl group, n-Pr denotes an n-propyl group, 
i-Pr denotes an isopropyl group, n-Bu denotes an n-butyl group, i-Bu denotes an isobutyl group. s-Bu denotes a sec- 
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butyl group, t-Bu denotes a tert-butyl group, i-Pen denotes an isopentyl group, c-Pen denotes a cyclopentyl group, c- 
Hex denotes a cyclohexyl group, and Ph denotes a phenyl group. 
[0284] p is an integer of 0 to 4. 

[0285] X 6 is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydro- 
5 carbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group or a silicon-containing 
group. Examples of X 6 include those previously described with respect to L 1 in the formula (I). When p is 2 or more, 
plural X 6 may be the same or different. 

[0286] Of these, preferable are halogen atoms, hydrocarbon groups of 1 to 20 carbon atoms and sulfonato groups. 
[0287] Listed below are examples of the transition metal amide compounds represented by the formula (V), but not 
w limited to thereto. 



tBu Me • 

15 I I 

/CI /N^ /CI /N^ /CI 

Me* Si Ti HeaSi Ti MeaSi Ti 

CI ^ N X C1 ^ fK ^ CI 

l I 

20 tBu Me 



SiMe 3 
I 

25 /CI 
Me 2 Si Ti 

^ N N C1 
1 

SiMe 3 

30 




BNSDOCIO: <EP 0924223 A2 J _> 



73 



EP 0 924 223 A2 




30 



35 



40 



4Su 



50 



BNSDOCID: <EP 0924223 A2J_> 



74 



EP 0 924 223 A2 



tBu tBu He 




[0288] In the above examples, Me denotes a methyl group, Et denotes an ethyl group. iPr denotes an isopropyl group, 
and tBu denotes a tert-butyl group. 

[0289] Also available In the invention are transition metal amide compounds wherein titanium is replaced with zirco- 
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nium or hafnium in the above compounds. 

[0290] As the transition metal amide compound represented by formula (V), preferably employed is a transition metal 
amide compound wherein FV and R" are each a substituted aryl group having 1 to 5 substituents such as alkyl groups, 
which is represented by the following formula (V). 



10 




( (E m )A) n M*X 6 p 



75 




. (V) 



[0291] In the above formula, M 4 is identical with M 4 in the formula (V). preferably a transition metal atom of Group 4 
25 of the periodic table such as titanium, zirconium or hafnium, particularly preferably titanium. 

[0292] R 61 to R 70 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
a halogenated hydrocarbon group, an organosilyl group . an alkoxy group, an aryloxy group. -COOR 71 , - 
N(R 72 )C(0)R 73 , -OC(0)R 74 , -CN, -NR 75 2 or -N(R 76 )S(0 2 )R 77 (R 71 to R 77 are each an alkyl group of 1 to 5 carbon 
atoms), with the proviso that at least one of R 61 to R 65 is a group other than hydrogen and at least one of R 66 to R 70 is 
30 a group other than hydrogen. 

[0293] Examples of the halogen atoms include those described with respect to X 6 in the formula (V). Examples of the 
hydrocarbon groups, the halogenated hydrocarbon groups and the organosilyl groups include those described with 
respect to R' and R" in the formula (V). 

[0294] Examples of the alkoxy groups include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy and tert- 
35 butoxy. 

[0295] Examples of the aryloxy groups include phenoxy, 2,6-dimethylphenoxy and 2,4,6-trimethylphenoxy. 

[0296] Examples of the groups represented by -COOR 71 . -N(R 72 )C(0)R 73 . -OC(0)R 74 , -CN, NR 75 2 or - 

N(R 76 )S(02)R 77 (R 71 to R 77 are each an alkyl group of 1 to 5 carbon atoms) include -COOCH 3 . -N(CH 3 )C(0)CH 3 , - 

OC(0)CH 3 , -CN, -N(C 2 H5) 2 and -N(CH 3 )S(0 2 )CH 3 . 
40 [0297] Two or more groups, preferably adjacent groups, of the groups R 61 to R 65 may be bonded to form a ring such 

as an aromatic ring or an aliphatic ring together with the carbon atoms to which they are bonded. Two or more groups, 

preferably adjacent groups, of the groups R 66 to R 70 may also be bonded to form a ring such as an aromatic ring or an 

aliphatic ring together with the carbon atoms to which they are bonded. 

[0298] m is an integer of 0 to 2. 
45- [0299] n is an integer of 1 to 5. 

[0300] A is identical with A in the formula (V), preferably a carbon atom or a silicon atom. When n is 2 or more, plural 

A may be the same or different. 

[0301] E is identical with E in the formula (V), preferably a substituent containing at least one element selected from 
carbon, hydrogen, nitrogen and silicon. When m is 2, two E may be the same or different and may be bonded to form a 
so ring. 

[0302] Examples of the bonding groups represented by -((EJA) n - capable of bonding the two nitrogen atoms include 
those previously mentioned. 
[0303] p is an integer of 0 to 4. 

[0304] X 6 is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydro- 
55 carbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group or a silicon-containing, 
group. Examples of X 6 include those previously described with respect to L 1 in the formula (I). 
[0305] Of these, preferable are halogen atoms, hydrocarbon groups of 1 to 20 carbon atoms and sulf inato groups. 
[0306] When p is 2 or more, plural X^ may be the same or different. 
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[0307] Listed below are examples of the transition metal amide compounds represented by the formula (V), but not 
limited to thereto. 
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Me 




25 Me 



Me 




Me 



40 

[0308] In the above examples, Me denotes a methyl group, Et denotes an ethyl group, iPr denotes an isopropyl group, 
nPr denotes an n-propyl group, nBu denotes an n-butyl group, sBu denotes a sec-butyl group, tBu denotes a tert-butyl 
group, and nOct denotes an n-octyl group. 
45 [0309] Also available In the invention are transition metal amide compounds wherein titanium is replaced with zirco- 
nium or hafnium in the above compounds. 

[031 0] Next, the transition metal compound represented by the formula (V) is described. 
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wherein N— M generally denotes a coordinate bond between both atoms, but in the present invention, the atoms may 

75 be or may not be coordinated. 

[031 1] In the above formula (VI), M is a transition metal atom of Groups 3 to 1 1 of the periodic table (Group 3 includes 
lanthanoid), preferably a metal atom of Groups 3 to 9 (Group 3 includes larrthanoid), more preferably a metal atom of 
Groups 3 to 5 and 9, particularly preferably a metal atom of Group 4 or 5. Examples of such metal atoms include scan- 
dium, titanium, zirconium, hafnium, vanadium, niobium, tantalum, cobalt, rhodium, yttrium, chromium, molybdenum, 

20 tungsten, manganese, rhenium, iron and ruthenium. Of these, preferable are scandium, titanium, zirconium, hafnium, 
vanadium, niobium, tantalum, cobalt and rhodium; more preferable are titanium, zirconium, hafnium, cobalt, rhodium, 
vanadium, niobium and tantalum; and particularly preferable are titanium, zirconium and hafnium. 
[031 2] m is an integer of 1 to 6, preferably an integer of 1 to 3. 

[031 3] R 1 to R 6 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
25 a heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing group, 
a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germanium -containing group or 
a tin-containing group, and two or more of them may be bonded to form a ring. 
[0314] Examples of the halogen atoms include fluorine, chlorine, bromine and iodine. 
[031 5] Examples of the hydrocarbon groups include: 

30 

straight-chain or branched alkyl groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms, such as methyl, 
ethyl, n-propyl, isopropyl, n-butyt, isobutyl, sec-butyl, tert-butyl, neopentyl and n-hexyl; 

straight-chain or branched alkenyl groups of 2 to 30 carbon atoms, preferably 2 to 20 carbon atoms, such as vinyl, 
allyl and isopropenyl; 

35 straight-chain or branched alkynyl groups of 2 to 30 carbon atoms, preferably 2 to 20 carbon atoms, such as ethynyl 
and propargyl; 

cyclic saturated hydrocarbon groups of 3 to 30 carbon atoms, preferably 3 to 20 carbon atoms, such as cyclopropyl, 
cyclobutyl, cyclopentyl, cydohexyl and adamantyl; 

cyclic unsaturated hydrocarbon groups of 5 to 30 carbon atoms, such as cyclopentadienyl, indenyl and fluorenyl; 
40 aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon atoms, such as phenyl, naphthyl, biphenyl, terphenyl, 
phenanthryl and anthracenyl; and 

alkyl-substituted aryl groups, such as tolyl. iso-propylphenyl, t-butyiphenyl, dimethylphenyt and di-t-butylphenyl. 

[0316] The above hydrocarbon groups may be substituted with halogen atoms, and examples thereof include halo- 
45 genated hydrocarbon groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms, such as trifluorom ethyl, pen- 
tafluorophenyl and chlorophenyl, are also available. 

[031 7] The above hydrocarbon groups may also be substituted with other hydrocarbon groups, and examples thereof 
include aryl -substituted alkyl groups such as benzyl and cumyl. 

[031 8] Further, the above hydrocarbon groups may have heterocyclic compound residues; oxygen-containing groups, 
so such as alkoxy groups, aryloxy groups, ester groups, ether groups, acyl groups, carboxyl groups, carbonato groups, 
hydroxyl groups, peroxy groups and carboxylic anhydride groups; nitrogen-containing groups, such as amino groups, 
imino groups, amide groups, imide groups, hydrazino groups, hydrazono groups, nitro groups, nitroso groups, cyano 
groups, isocyano groups, cyanate ester groups, amidino groups, diazo groups and ammonium salts derived from amino 
groups; boron-containing groups, such as boranediyl groups, boranetriyl groups and diboranyl groups; sulfur-containing 
55 groups, such as mercapto groups, thioester groups, dithioester groups, alkylthio groups, arylthio groups, thioacyl 
groups, thioether groups, thiocyanate ester groups, isothiocyanate ester groups, sulfonester groups, sulfonamido 
groups, thiocarboxyl groups, dithiocarboxyl groups, sulfo groups, surfonyl groups, sulfinyl groups and sulfenyl groups; 
phosphorus-containing groups, such as phosphido groups, phosphoryl groups, thiophosphoryl groups, phosphato 
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groups; silicon-containing groups; germanium-containing groups; or tin-containing groups. 

[031 9] Of the above groups, preferable are straight-chain or branched alkyl groups of 1 to 30 carbon atoms, preferably 
1 to 20 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, neopentyl and n- 
hexyl; aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon atoms, such as phenyl, naphthyl, biphenyl, terphe- 
s nyl, phenanthryl and anthracenyl; and substituted aryl groups which are substituted with 1 to 5 substituents such as hal- 
ogen atoms, alkyl or alkoxy groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms, and aryl or aryloxy groups 
of 6 to 30 carbon atom, preferably 6 to 20 carbon atoms. 

[0320] Examples of the oxygen-containing groups, the nitrogen-containing groups, the boron-containing groups, the 
sulfur-containing groups and the phosphorus-containing groups as R 1 to R 6 include those previously exemplified, 
w respectively. 

[0321] Examples of the heterocyclic compound residues include those derived from nitrogen-containing compounds 
such as pyrrole, pyridine, pyrimidine, quinoline and triazine; oxygen-containing compounds such as furan and pyran; 
sulfur-containing compounds such as thiophene; and further these heterocyclic compounds which are substituted with 
substituents such as alkyl or alkoxy groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms. 

15 [0322] The silicon-containing group is, for example, a silyl group, a siloxy group, a hydrocarbon-substituted silyl group 
or a hydrocarbon-substituted siloxy group. Examples of the hydrocarbon-substituted silyl groups include methylsilyl, 
dimethylsiiyl, trimethylsilyl, ethylsilyl, diethylsilyl, triethylsiiyl, diphenylm ethyl silyl, triphenylsilyl, dimethylphenylsilyl, 
dimethyl-t-butylsilyl and dimethyl (pentafluorophenyl)silyl. Of these, preferable are methylsilyl, dimethylsiiyl, trimethylsi- 
lyl, ethylsilyl, diethylsilyl, triethylsiiyl, dimethylphenylsilyl and triphenylsilyl. Particularly preferable are trimethylsilyl, tri- 

20 ethylsilyl, triphenylsilyl and dimethylphenylsilyl. An example of the hydrocarbon-substituted siloxy group is 
trimethylsiloxy. 

[0323] Examples of the germanium-containing groups or the tin-containing groups include those wherein silicon is 
replaced with germanium or tin in the above- exemplified silicon-containing groups. 
[0324] The above-mentioned examples of R 1 to R 6 are more specifically described below, 
25 [0325] Of the preferred oxygen-containing groups as R 1 to R 6 , preferred alkoxy groups include methoxy, ethoxy, n- 
propoxy, isopropoxy, n-butoxy, isobutoxy and tert-butoxy; preferred aryloxy groups include phenoxy, 2.6-dimethylphe- 
noxy and 2.4,6-trimethylphenoxy; preferred acyl groups include formyl. acetyl, benzoyl, p-chlorobenzoyl and p.-meth- 
oxybenzoyl; and preferred ester groups include acetyloxy, benzoyloxy. methoxycarbonyl, phenoxycarbonyl and p- 
chlorophenoxycarbonyl. 

30 [0326] Of the preferred nitrogen-containing groups as R 1 to R 6 , preferred amino groups include dimethylamino, ethyl- 
methylamino and diphenylamino; preferred amido groups include acetamido, N-methylacetamido and N-methylbenza- 
mido; preferred imido groups include acetimido and benzimido; and preferred imino groups include methylimino, 
ethyiimino, propylimino, butylimino and phenylimino. 

[0327] Of the preferred sulfur-containing groups as R 1 to R 6 , preferred alkylthio groups include methyithio and ethyl - 
35 thio; preferred aryrthio groups include phenylthio, methylphenylthio and naphthyithio; preferred thioester groups include 
acetylthio, benzoylthio, methylthiocarbonyl and phenylthiocarbonyl; preferred sulfonester groups include methylsul- 
fonato, ethylsulfonato and phenylsulfonato; and preferred suifonamido groups include phenylsulfonamido, N-methylsul- 
fonamido and N-methyl-p-toluenesulfonamido. 

[0328] R 6 preferably is a substituent other than hydrogen, more specifically, a halogen atom, a hydrocarbon group, a 
40 heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing group, a 
sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germanium-containing group or 
a tin-containing group. 

[0329] Preferred examples of the hydrocarbon groups R 6 include straight-chain or branched alkyl groups of 1 to 30 
carbon atoms, preferably 1 to 20 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyk sec-butyl, 

45 tert-butyl, neopentyl and n-hexyl; cyclic saturated hydrocarbon groups of 3 to 30 carbon atoms, preferably 3 to 20 car- 
bon atoms, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and adamantyl; aryl groups of 6 to 30 carbon atoms, 
preferably 6 to 20 carbon atoms, such as phenyl, naphthyl, biphenylyl and triphenylyl; arylalkyl groups of 7 to 30 carbon 
atoms, preferably 7 to 20 carbon atoms, such as benzyl; and these groups which are substituted with substituents such 
as alkyl or alkoxy groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms, halogenated alkyl groups of 1 to 30 

so carbon atoms, preferably 1 to 20 carbon atoms, aryl or aryloxy groups of 6 to 30 carbon atom, preferably 6 to 20 carbon 
atoms, halogens, cyano group, nitro group and hydroxyl group. 

[0330] Preferred examples of the hydrocarbon-substituted silyl groups R 6 include methylsilyl, dimethylsiiyl, trimethyl- 
silyl, ethylsilyl, diethylsilyl, triethylsiiyl, diphenylmethylsilyl, triphenylsilyl, dimethylphenylsilyl, dimethyl-t-butylsilyl and 
dimethyl(pentafluorophenyl)silyl. Particularly preferable are trimethylsilyl. triethylsiiyl. diphenylmethylsilyl. triphenylsilyl. 
55 dimethylphenylsilyl, dimethyl-t-butylsilyl and dimethyl(pentafluorophenyl)silyl. 

[0331] In the present invention, R 6 is particularly preferably selected from branched alkyl groups of 3 to 30 carbon 
atoms, preferably 3 to 20 carbon atoms, such as isopropyl. isobutyl, sec-butyl, tert-butyl and neopentyl, these alkyl 
groups substituted with aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon atoms, such as cumyl, and cyclic 
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saturated hydrocarbon groups of 3 to 30 carbon atoms, preferably 3 to 20 carbon atom, such as adamantyl, cyclopropyl. 

cyclobutyl, cyclopentyi and cyclohexyl; and also aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon atoms, 

such as phenyl, naphthyl, fluorenyi, anthranyl and phenanthryl, and hydrocarbon-substituted silyl groups. 

[0332] Two or more groups, preferably adjacent groups, of the groups R 1 to R 6 may be bonded to form an alicyclic 

rina, an aromatic ring or a heterocyclic ring containing a hetero atom such as a nitrogen atom. These rings may have 

substituents. 

[0333] When m is 2 or more, two groups of R 1 to R 6 may be bonded, with the proviso that two R 1 are not bonded each 
other. Further, when m is 2 or more, each R 1 , each R 2 , each R 3 , each R 4 , each R 5 or each R 6 may be the same or 
different, respectively. 

[0334] n is a number satisfying the valence of M, specifically an integer of 0 to 5, preferably an integer of 1 to 4, more 
preferably an integer of 1 to 3. 

[0335] X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus-containing 
group, a halogen -containing group, a heterocyclic compound residue, a silicon-containing group, a germanium-contain- 
ing group or a tin-containing group. When n is 2, plural X may be the same or different. 
[0336] Examples of the halogen atoms include fluorine, chlorine, bromine and iodine. 

[0337] Examples of the hydrocarbon groups include those previously exemplified with respect to R 1 to R 6 . Specifically, 
there can be mentioned alkyl groups, such as methyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and eicosyl; 
cycloalkyl groups of 3 to 30 carbon atoms, such as cyclopentyi. cyclohexyl. norbornyl and adamantyl; alkenyl groups, 
such as vinyl, propenyl and cyclohexenyl; arylalkyl groups, such as benzyl, phenylethyl and phenylpropyl; and aryl 
groups, such as phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, naphthyl, methyl- 
naphthyl. anthryl and phenanthryl, but not limited thereto. The hydrocarbon groups include halogenated hydrocarbons, 
specifically, hydrocarbon groups of 1 to 20 carbon atoms, each of which is substituted with at least one halogen atom. 
[0338] Of these, preferable are hydrocarbon groups of 1 to 20 carbon atoms. 

[0339] Examples of the heterocyclic compound residues include those previously exemplified with respect to R 1 to R . 
[0340] Examples of the oxygen-containing groups include those previously exemplified with respect to R 1 to R 6 . Spe- 
cifically, there can be mentioned a hydroxyl group; alkoxy groups, such as methoxy. ethoxy. propoxy and butoxy; aryloxy 
groups, such as phenoxy. methylphenoxy. dimethylphenoxy and naphthoxy; and arylaikoxy groups, such as phenyl- 
methoxy and phenylethoxy; acetoxy group; and carbonyl group, but not limited thereto. 

[0341] Examples of the sulfur-containing groups include those previously exemplified with respect to R to R . Spe- 
cifically, there can be mentioned sulfonate groups, such as methylsulfonato, trrf luoromethanesulfonato, phenylsurfonato, 
benzylsulfonato, p-toluenesulfonato. trimethylbenzenesulfonato, triisobutylbenzenesulfonato, p-chlorobenzenesul- 
fonato and pentaf luorobenzenesulfonato; sulf inato groups, such as methylsulf inato, phenylsulf inato, benzylsuffinato, p- 
toluenesurfinato, trimethylbenzenesulf inato and pentafluorobenzenesulfinato; aikyrthio groups; and aryrthio groups, but 
not limited thereto. 

[0342] Examples of the nitrogen-containing groups include those previously exemplified with respect to R to R . Spe- 
cifically, there can be mentioned an amino group; alkylamino groups, such as methylamino, dimethylamino. diethyl- 
amino, dipropylamino, dibutylamino and dicyclohexylamino; and arylamino or alkylarylamino groups, such as 
phenylamino, diphenylamino, ditolylamino, dinaphthylamino and methylphenylamino, but not limited thereto. 
[0343] Examples of the boron-containing groups include BR 4 (R is. for example, a hydrogen atom, an alkyl group, an 
aryl group which may have a substituent and a halogen atom). 

[0344] Examples of the phosphorus-containing groups include trialkylphosphine groups, such as trimethylphosphine, 
tributylphosphine and tricyclohexylphosphine; triarylphosphine groups, such as triphenyiphosphine and tritolylphos- 
phine; phosphite groups (including phosphido groups), such as methyl phosphite, ethylphosphite and phenylphosphite; 
phosphonic acid group; and phosphinic acid group, but not limited thereto 1 6 

[0345] Examples of the silicon-containing groups include those as previously exemplified with respect to R to R . 
Specifically, there can be mentioned hydrocarbon-substituted silyl groups, such as phenylsilyl, diphenylsilyl, trimethyls- 
ilyl, triethylsilyl, tripropylsilyl, tricyclohexylsilyl. triphenylsilyl, methyldiphenylsilyl, tritolylsilyl and trinaphthylsilyl; hydro- 
carbon-substituted silyl ether groups, such as trimethylsilyl ether; silicon-substituted alkyl groups, such as 
trimethylsilylmethyl; and silicon-substituted aryl groups, such as trimethylphenyl. ^ g 

[0346] Examples of the germanium-containing groups include those previously exemplified with respect to R to R 
Specifically, there can be mentioned groups wherein silicon is replaced with tin in the above- exemplified silicon-contain- 
ing groups. 

[0347] Examples of the halogen-containing groups include fluorine-containing groups, such as PF 6 and BR 4 ; chlorine- 
containing groups, such as CI0 4 and SbCI 6 ; and iodine-containing groups, such as I0 4 . but not limited thereto. 
[0348] Examples of the aluminum-containing groups include AI0 4 (R is, for example, a hydrogen atom, an alkyl group, 
an aryl group which may have a substituent or a halogen atom), but not limited thereto. 

[0349] When n is 2 or more, plural X may be the same or different, and plural X may be bonded to form a ring. 
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[0350] Examples of the transition metal compounds represented by the formula (VI) are given beiow, but not limited 
thereto. 

[0351] In the following examples, M is a transition metal atom, specifically Sc(lll). ti(lll), Ti(IV), Zr(lll), Zr(IV), Hf(IV), 
V(IV), Nb(V), Ta(V), Co(ll), Co(HI), Rh(ll), Rh(lll) or Ph(IV), but not limited thereto. OF these, preferable is Ti(IV), Zr(IV) 
5 orHf(IV). 

[0352] X is halogen such as CI or Br, or an aikyl group such as methyl, but not limited thereto. When plural X are 
present, they may be the same or different. 

[0353] n is defined by the valence of the metal M. For example, in the case where two monoanions are bonded to the 
metal M, if the valence of M is 2 then n=o ; if the valance of M is 3 then n=1 ; if the valence of M is 4 then n=2; and if the 
w valence of M is 5 then n=3. Thus, for example, if the metal is Ti(IV) then n=2; if the metal is Zr(IV) then n=2; and if the 
metal isHf(IV)then n=2. 
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30 [0355] In the above examples, Me denotes a methyl group, Et denotes an ethyl group, iPr denotes an isopropyl group, 
tBu denotes a tert-butyl group, and Ph denotes a phenyl group. 

[0356] Next, the transition metal compound represented by the formula (VII) is described. 



40 




... (VII) 



[0357] In the above formula, M is a transition metal atom of Groups 3 to 11 of the periodic table. 

45 [0358] R 1 to R 10 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
a heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing group, 
a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germanium-containing group or 
a tin-containing group, and two or more of them may be bonded to form a ring. 
[0359] n is a number satisfying the valence of M. 

so [0360] X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a phosphorus-containing 
group, a halogen-containing group, a heterocyclic compound residue, a silicon-containing group, a germanium-contain- 
ing group or a tin-containing group. When n is 2 or more, plural X may be the same or different, and may be bonded to 
form a ring. 

55 [0361] Y is a divalent bonding group containing at least one element selected from the group consisting of oxygen, 
sulfur, carbon, nitrogen, phosphorus, silicon, selenium, tin and boron. When Y is a hydrocarbon group, the hydrocarbon 
group is a bonding group comprising 3 or more carbon atoms. 

[0362] It is preferable that in the formula (VII), at least one of R 6 and R 10 , particularly each of them, is a halogen atom, 
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a hydrocarbon group, a heterocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a 
boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germa- 
nium-containing group or a tin-containing group. 

[0363] As M, R 1 to R 10 and X in the formula (VII), there can be employed those exemplified with respect to M, R 1 to 
5 R 5 and X in the formula (VI), respectively. Examples of Y are described later. 

[0364] The transition metal compound represented by the formula (VII) preferably is a transition metal compound rep- 
resented by the following formula (VI l-a). 



75 
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(Vll-a) 



20 [0365] In the above formula, M is a transition metal atom of Groups 3 to 1 1 , preferably of Group 4 or 5. more preferably 
of Group 4. in the prioridc table, for example, titanium, zirconium or hafnium, particularly titanium. 
[0366] R^ to R 10 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
a hydrocarbon-substituted silyl group, an alkoxy group, an aryloxy group, an ester group, an amido group, an amino 
group, a suifonamido group, a nitrile group or a nitro group. Two or more groups, preferably adjacent groups, of R to 

25 R 10 may be bonded to form a ring. 

[0367] n is a number satisfying the valence of M. usually an integer of 0 to 4, preferably an integer of 1 to 4. more 
preferably an integer of 1 to 3. 

[0368] X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydro- 
carbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group or a silicon-containing 
30 group. When n is 2 or more, plural X may be the same or different, and may be bonded to form a ring. 

[0369] Y is a divalent bonding group containing at least one element selected from the group consisting of oxygen, 
sulfur, carbon, nitrogen, phosphorus, silicon, selenium, tin and boron. When Y is a hydrocarbon group, the hydrocarbon 
group is a bonding group comprising 3 or more carbon atoms. 

[0370] Such a bonding group has a structure wherein the main chain is constituted of preferably 3 or more atoms, 
35 more preferably 4 or more atoms, particularly preferably 4 to 1 0 atoms. The bonding group may have a substituent. 
[0371] It is preferable that in the formula (Vll-a), at least one of R 6 and R 10 , particularly each of them, is a halogen 
atom, a hydrocarbon group, a hydrocarbon-substituted silyl group, an alkoxy group, an aryloxy group, an ester group, 
an amido group, an amino group, a suifonamido group, a nitrile group or a nitro group. 

[0372] Examples of X and R 1 to R 10 in the formula (Vll-a) include those described with respect to X and R to R in 
40 the formula (VII), respectively. X is particularly preferably a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms 
or a sulfonato group. When n is 2 or more, the ring formed by bonding two or more of X may be an aromatic ring or an 
alicyclic ring. 

[0373] Examples of the divalent bonding groups Y include chalcogen atoms, such as -O-, -S- and -Se-; nitrogen- or 
phosphorus-containing groups, such as -NH-, -N(CH 3 )-, -PH- and -P(CH 3 )-; silicon-containing groups, such as -SiH 2 - 

45 and -Si(CH 3 ) r ; tin-containing groups, such as -SnH 2 - and -Sn(CH 3 ) 2 -; and boron-containing groups, such as -BH-, - 
B(CH 3 )- and -BF-. Examples of the hydrocarbon groups include saturated hydrocarbon groups of 3 to 20 carbon atoms, 
such as -(CH 2 ) 4 -. -(CH 2 ) 5 - and -(CH^e-; cyclic saturated hydrocarbon groups, such as cyclohexylidene and cyclohex- 
ylene; these saturated hydrocarbon groups which are partially substituted with hydrocarbon groups of 1 to 10 carbon 
atoms, halogens such as fluorine, chlorine and bromine, and hetero atoms such as oxygen, sulfur, nitrogen, phospho- 

so rus, silicon, selenium, tin and boron; residues of cyclic unsaturated hydrocarbon compounds having 6 to 20 carbon 
atoms (e.g.. benzene, naphthalene and anthracene); and residues of heterocyclic compounds having 3 to 20 carbon 
atoms and containing hetero atoms (e.g.. pyridine, quinoline, thiophene and furan). 

[0374] Listed below are examples of the transition metal compounds represented by the formula (VII), but not limited 
thereto. 
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[0375] In the above examples, Me denotes a methyl group, Ph denotes a phenyl group, and tBu denotes a tert-butyl 
group. 

[0376] In the present invention, transition metal compounds wherein titanium is replaced with a metal other than trta- 
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nium, such as zirconium or hafnium, in the above compounds are also employable. 

[0377] The transition metal compounds represented by the formulae (VI) and (VII) can be prepared without specific 
limitation, and they can be prepared by, for example, the following process. 

[0378] In the first place, the ligand for constituting the transition metal compound according to the invention can be 
obtained by reacting a salicylaldehyde compound with a primary amine compound of the formula R 1 -NH 2 (R 1 has the 
same meaning as defined for R 1 in the formula (VI) and (VII)), e.g., an aniline compound or an alkylamine compound. 
In more detail, the both starting materials are dissolved in a solvent, for example, any of those commonly used for such 
reactions, preferably an alcohol solvents, such as methanol or ethanol or hydrocarbon solvents, such as toluene. The 
resulting solution is stirred for about 1 to 48 hours at room temperature to reflux temperature to obtain the correspond- 
ing ligand in a high yield. 

[0379] In the synthesis of the ligand compound, catalysts, for example, acid catalysts, such as formic acid, acetic acid 
or toluenesuifonic acid may be used. In order to proceed the reaction, it is also possible to use anhydrating agents, such 
as molecular sieves, magnesium sulfate or sodium sulfate, or to perform dehydration by the Dien and Stark method. 
[0380] In the next place, the ligand obtained above can be reacted with a compound containing the transition metal 
M, to synthesize the corresponding transition metal compound. In more detail, the resulting ligand is dissolved in a sol- 
vent, and if necessary, is contacted with a base to prepare a phenoxide salt, followed by mixing with a metallic com- 
pound such as a metallic halide or a metallic alkylate at a low temperature, and stirring for about 1 to 48 hours at -78 
°C to room temperature or under reflux. Any solvents commonly used in such reactions are employable, and preferable 
are polar solvents such as ethers, e.g., tetrahydrofuran (THF), and hydrocarbon solvents such as toluene. Preferred 
examples of the bases used for preparing the phenoxide salt include, but not limited to, metallic salts such as lithium 
salts (e.g., n-butyltithium) and sodium salts (e.g.. sodium hydride), and organic bases such as triethylamine and pyrid- 
ine. 

[0381] Depending on the properties of the compound, the step of preparing a phenoxide salt may be omitted and the 
ligand can be directly reacted with the metallic compound to synthesize the corresponding transition metal compound. 
[0382] It is possible to replace the metal atom M in the synthesized transition metal compound with another transition 
metal in a conventional manner. Further, any one of R 1 to R 6 which is hydrogen can be substituted with a substituent 
other than hydrogen at any synthesis steps. 

[0383] Next, the transition metal compound represented by the formula (VIII) is described. 



[0384] In the above formula, M is a transition metal atom of Groups 8 to 11 , preferably of Group 8 or 9, of the periordic 
table, such as iron, ruthenium, osmium, cobalt, rhodium or iridium, particularly preferably iron or cobalt. 
[0385] R 1 to R 4 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
a halogenated hydrocarbon group, a heterocyclic compound residue, an oxygen-containing group, a nitrogen-contain- 
ing group, a boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon -containing 
group, a germanium-containing group or a tin-containing group. 

[0386] Examples of the halogen atoms include fluorine, chlorine, bromine and iodine. 

[0387] Examples of the hydrocarbon groups include, but not limited to, straight-chain or branched alkyl groups of 1 to 
20 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl and hexyl; aryl 
groups of 6 to 20 carbon atoms, such as phenyl, naphthyl and anthryl; and substituted aryl groups which are substituted 
with 1 to 5 substituents such as alkyl groups of 1 to 20 carbon atoms; cycloalkyl groups, such as cyclopentyl. cyclohexyl, 
norbornyl and adamantyl; alkenyl groups, such as vinyl, propenyl and cyclohexenyl; and arylalkyl groups, such as ben- 
zyl, phenylethyl and phenylpropy I. 

[0388] Examples of the halogenated hydrocarbon groups include groups wherein the above-exemplified hydrocarbon 
groups are substituted with halogens, but not limited thereto. 

[0389] Examples of the heterocyclic compounds include nitrogen-containing heterocyclic compounds, oxygen-con- 
taining heterocyclic compounds and sulfur-containing heterocyclic compounds, but not limited thereto. 



R 3 R 4 
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[0390] Examples of the oxygen-containing groups, the nitrogen-containing groups, the boron-containing groups, the 
sulfur-containing groups and the phosphorus-containing groups includem those previously described with respect to R 1 
to R 6 in the formula (VI), respectively, but not limited thereto. 

[0391] Examples of the silicon-containing groups include hydrocarbon -substituted silyl groups, silyl ether groups of 
5 the hydrocarbon-substituted silyls, silicon-substituted alkyl groups and silicon-substituted aryl groups, but not limited to 
thereto. 

[0392] Examples of the germanium-containing groups include hydrocarbon-substituted germyl groups, germyl ether 
groups of the hydrocarbon-substituted germyls, germanium-substituted alkyl groups and germanium-substituted aryl 
groups, but not limited thereto. 

w [0393] Examples of the tin-containing groups include hydrocarbon-substituted stannyl groups, stannyl ether groups 
of the hydrocarbon-substituted stannyls, tin-substituted alkyl groups and tin-substituted aryl groups, but not limited 
thereto. 

[0394] Of the oxygen-containing groups, preferred examples of the alkoxy groups include methoxy, ethoxy, n-propoxy, 
isopropoxy, n-butoxy, isobutoxy and tert-butoxy; preferred examples of the aryloxy groups include phenoxy, 2,6-dimeth- 
15 ylphenoxy and 2,4,6-trimethylphenoxy; preferred examples of the acyl groups include formyl. acetyl, benzoyl, p-chlo- 
robenzoyl and p-methoxybenzoyl; and preferred examples of the ester groups include acetyloxy, benzoyloxy, 
methoxycarbonyl, phenoxycarbonyl and p-chlorophenoxycarbonyl. 

[0395] Of the nitrogen-containing groups, preferred example of the amino groups include dimethylamino, ethylmeth- 
ylamino and diphenyiamino; preferred examples of the amido groups include acetamido, N-methylacetamido and N- 
20 methylbenzamido; preferred examples of the imido groups include acetimido and benzimido; and preferred examples 
of the imino groups include methylimino, ethylimino, propylimino, butylimino and phenylimino. 

[0396] Of the sulfur-containing groups, preferred examples of the alkylthio groups include methylthio and ethylthio; 
preferred examples of the aryrthio groups include phenylthio, methyl phenylthio and naphthylthio; preferred examples of 
the thioester groups include acetylthio, benzoylthio, methyrthiocarbonyl and phenylthiocarbonyl; preferred examples of 

25 the sulfonester groups include methyl sulfonato. ethylsulfonato and phenylsulfonato; and preferred examples of the sul- 
fonamide groups include phenylsuifonamido. N-methylsulfonamido and N-methyl-p-toluenesulfonamido. 
[0397] R 1 and R 5 . R 2 and R 6 . R 1 and R 3 . R 2 and R 4 , and R 3 and R 4 may be bonded to form an aromatic ring, an 
alicyclic ring, or a heterocyclic ring containing a hetero atom such as a nitrogen atom, a sulfur atom or an oxygen atom. 
These rings may have a substituent 

30 [0398] n is a number satisfying the valence of M, specifically an integer of 1 to 8, preferably an integer of 1 to 5, more 
preferably an integer of 1 to 3. 

[0399] X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydro- 
carbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group or a silicon-containing 
group. Examples of X include those previously described with respect to L in the formula (I). When n is 2 or more, plural 

35 groups indicated by X may be the same or different. 

[0400] Of these, preferable is a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a sulf inato group. 
[0401] Y is an atom of Group 15 or 16 of the periodic table, specifically a nitrogen atom, a phosphorus atom, an 
arsenic atom, an antimony atom, an oxygen atom, a sulfur atom, a selenium atom, a tellurium atom or the like, prefer- 
ably a nitrogen atom, an oxygen atom or a sulfur atom. 

40 [0402] In the present invention, the imine compound represented by the formula (VIII) is preferably a transition metal 
imine compound represented by the following formula (Vlll-a). 



45 



50 




. . (VIII-a) 



[0403] In the above formula, M is a transition metal atom of Groups 8 to 1 1 of the periodic table, preferably a transition 
metal atom of Group 8 or 9, such as iron, ruthenium, osmium, cobalt, rhodium or iridium, particularly preferably iron or 
cobalt. 
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[0404] R 7 to R 10 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
a halogenated hydrocarbon group, a heterocyclic compound residue, an oxygen-containing group, a nitrogen-contain- 
ing group, a boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing 
group, a germanium-containing group or a tin-containing group. Examples of R 7 to R 10 include those described above 

5 with respect to R 1 to R 4 in the formula (VIII), respectively. 

[0405] R 1 1 is a halogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a heterocyclic compound res- 
idue, an oxygen-containing group, a nitrogen-containing group, a boron-containing group, a sulfur-containing group, a 
phosphorus-containing group, a silicon-containing group, a germanium-containing group or a tin-containing group. 
Examples of R 11 include those described above with respect to R 1 to R 4 in the formula (VIII). 

70 [0406] R 7 and R 9 , R 8 and R 10 , R 8 and R 1 1 , and R 9 and R 10 may be bonded to form an aromatic ring, an alicyclic ring, 
or a heterocylic ring containing a hetero atom such as a nitrogen atom, a sulfur atom or an oxygen atom. These rings 
may have a substituent 

[0407] R 1 2 to R 16 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
a halogenated hydrocarbon group, a heterocyclic compound residue, an oxygen-containing group, a nitrogen-contain- 
15 ing group, a boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing 
group, a germanium-containing group or a tin-containing group. Examples of R 12 and R 16 include those described 
above with respect to R 1 to R 4 in the formula (VIII), respectively. 

[0408] At least one of R 12 to R 16 is a group other than a hydrogen atom. Two or more groups of R to R may be 
bonded to form a ring. Preferably, the adjacent groups may be bonded to form an alicyclic ring, an aromatic ring or a 
20 heterocyclic ring containing a hetero atom such as a nitrogen atom. These rings may further have a substituent. 

[0409] n is a number satisfying the valence of M, specifically an integer of 1 to 8, preferably an integer of 1 to 5, more 
preferably an integer of 1 to 3. 

[0410] X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydro- 
carbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group or a silicon-containing 
25 group. When n is 2 or more, plural X may be the same or different. Examples of X include the same atoms and groups 
those previously described. 

[0411] Y is an atom of Group 15 or 16 of the periodic table, specifically a nitrogen atom, a phosphorus atom, an 
arsenic atom, an antimony atom, an oxygen atom, a sulfur atom, a selenium atom, a tellurium atom or the like, prefer- 
ably a nitrogen atom, an oxygen atom or a sulfur atom. 
30 [041 2] In the present invention, the imine compound represented by the formula (VIII) is more preferably a transition 
metal imine compound represented by the following formula (Vill-b). 




. . . (VIII-b) 



[041 3] In the above formula, M is a transition metal atom of Groups 8 to 1 1 of the periodic table, preferably a transition 
metal atom of Group 8 or 9, such as iron, ruthenium, osmium, cobalt, rhodium or iridium, particularly preferably iron or 
cobalt 

[041 4] R 1 7 to R 20 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
so a halogenated hydrocarbon group, a heterocyclic compound residue, an oxygen-containing group, a nitrogen-contain- 
ing group, a boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing 
group, a germanium-containing group or a tin-containing group. Examples of R 17 to R include those previously 
described with respect to R 1 to R 4 in the formula (VIII). 

[0415] R 17 and R 19 . R 18 and R 20 , and R 19 and R 20 may be bonded to form an aromatic ring, an alicyclic ring, or a 
55 heterocyclic ring containing a hetero atom such as a nitrogen atom, a sulfur atom or an oxygen atom. These rings may 
further have a substituent. 

[041 6] R 21 to R 30 may be the same or different, and are each a hydrogen atom, a halogen atom, a hydrocarbon group, 
a halogenated hydrocarbon group, a heterocyclic compound residue, an oxygen-containing group, a nitrogen-contain- 
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ing group, a boron-containing group, a sulfur-containing group, a phosphorus-containing group, a silicon-containing 
group, a germanium-containing group or a tin-containing group 

[0417] At least one of R 21 to R 25 is a group other than a hydrogen atom, and at least one of R 26 to R 30 is a group 
other than a hydrogen atom. Two or more groups of R 21 to R 25 may be bonded to form a ring, and two or more groups 
s of R 26 to R 30 may be bonded to form a ring. Preferably, the adjacent groups may be bonded to form an alicyclic ring, an 
aromatic ring or a heterocyclic ring containing a hetero atom such as a nitrogen atom. These rings may further have a 
substituent. 

[0418] n is a number satisfying the valence of M, specifically an integer of 1 to 8, preferably an integer of 1 to 5, more 
preferably an integer of 1 to 3. 

10 [0419] X is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydro- 
carbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group or a silicon-containing 
group. When n is 2 or more, plural X may be the same or different. Examples ol X include those previously described. 
[0420] Y is an atom of Group 15 or 16 of the periodic table, specifically a nitrogen atom, a phosphorus atom, an 
arsenic atom, an antimony atom, an oxygen atom, a sulfur atom, a selenium atom, a tellurium atom or the like, preter- 
ms ably a nitrogen atom, an oxygen atom or a sulfur atom. 

[0421] Listed below are examples of the transition metal imine compounds represented by the formulas (VIII), (VIII- 
a) and (Vlll-b), but not limited thereto. 
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45 

[0422] In the above examples, Me denotes a methyl group, Et denotes an ethyl group, nPr denotes an n-propyl group. 
IPr denotes an isopropyl group, sBu denotes a sec-butyl group, tBu denotes a tert-butyl group, nOc denotes an n-octyl 
group, and Ph denotes a phenyl group. 

[0423] In the present invention, compounds wherein iron is replaced with cobalt in the above transition metal com- 
so pounds can be also exemplified. 

[0424] The transition metal compounds mentioned above can be used singly or in combination of two or more kinds. 
[0425] In the present invention, further, transition metal compounds represented by the following formulae are also 
employable in addition to the transition metal compounds of the formulae (I) to (VIII). 

55 
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50 

(C) Omanic compound containing element of Group 13 of the periodic table 

[0426] The organic compound (C) containing an element of Group 1 3 of the periodic table for use in the invention is 
55 specifically an organoaluminum compound represented by the following formula: 

R^AKOR^HpXq 
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wherein R a and R b may be the same or different and are each a hydrocarbon group of 1 to 15 carbon atoms, preferably 
a hydrocarbon group of 1 to 4 carbon atoms; X is a halogen atom; and m, n, p and q are numbers satisfying the condi- 
tions of 0<m<3, 0^n<3, 0<p<3, (Kq<3 and m+n+p+q = 3 . 
[0427] Examples of such organoaluminum compounds include: 

(1) organoaluminum compounds represented by the formula: 

R a m AI(OR b ) 3 . m 

wherein R a and R b may be the same or different and are each a hydrocarbon group of 1 to 1 5 carbon atoms, pref- 
erably a hydrocarbon group of 1 to 4 carbon atoms; and m is preferably a number satisfying the condition of 
1.5<m<3; 

(2) organoaluminum compounds represented by the formula: 

R a m AIX 3 . m 

wherein R a is a hydrocarbon group of 1 to 1 5 carbon atoms, preferably a hydrocarbon group of 1 to 4 carbon atoms; 
X is a halogen atom; and m is preferably a number satisfying the condition of 0<m<3; 

(3) organoaluminum compounds represented by the formula: 

R a m AIH 3 . m 

wherein R a is a hydrocarbon group of 1 to 1 5 carbon atoms, preferably a hydrocarbon group of 1 to 4 carbon atoms; 
and m is preferably a number satisfying the condition of 2<sn<3; and 

(4) organoaluminum compounds represented by the formula: 

R a m AI(OR b ) n X q 

wherein R a and R b may be the same or different and are each a hydrocarbon group of 1 to 1 5 carbon atoms, pref- 
erably a hydrocarbon group of 1 to 4 carbon atoms; X is a halogen atom; and m, n and.q are numbers satisfying 
the conditions of 0<m<3, 0<n<3, 0<q<3 and m+n+q = 3 . 

[0428] More specific examples of the organoaluminum compounds include: 

tri-n-alkylaluminums, such as triethylaluminum and tri-n-butylaluminum; 

tri-branched chain alkylaluminums, such as triisopropylaluminum, triisobutylaluminum, tri-sec-butylaluminum, tri- 
tert-butylaluminum, tri-2-methylbutylaluminum f tri-3-methylbutylaluminum, tri-2-methylperrtytaluminum, tri-3-meth- 
ylpentylaluminum, tri-4-methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-methylhexylaluminum and tri-2- 
ethylhexyl aluminum; 

tricycloalkylaluminums, such as tricyclohexylaiuminum; 
triarylaluminums, such as triphenylaluminum and tritolylaluminum; 
dialkylaluminum hydrides, such as diisobutylaluminum hydride; 
trialkenylaluminums, such as triisoprenylaluminum; 

alkylaluminum alkoxides, such as isobutylaluminum methoxide, isobutylaluminum ethoxide and isobutyialuminum 
isopropoxide; 

dialkylaluminum alkoxides, such as diethylaluminum ethoxide and dibutylaluminum butoxide; 
alkylaluminum sesquialkoxides. such as ethylaluminum sesquiethoxide and butylaluminum sesquibutoxide; 
partially alkoxylated alkylaluminums having an average composition represented by R a 2 .5 Al ( OR ^o.5 or ^ e like i 
dialkylaluminum halides, such as diethylaluminum chloride, dibutylaluminum chloride and diethylaluminum bro- 
mide; 

alkylaluminum sesquihalides, such as ethylaluminum sesquichloride, butylaluminum sesquichioride and ethylalu- 
minum sesquibromide; 

partially halogenated alkylaluminums, such as alMaluminum dihalides (e.g., ethylaluminum dichloride, propylalu- 
minum dichloride and butylaluminum dibromide); 

dialkylaluminum hydrides, such as diethylaluminum hydride and dibutylaluminum hydride; 

partially hydrogenated alkylaluminums, such as alkylaluminum dihydrides (e.g., ethylaluminum dihydride, propyla- 

luminum dihydride); and 

partially alkoxylated and halogenated alkylaluminums, such as ethylaluminum ethoxychloride, butylaluminum 
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butoxychloride and ethylaiuminum ethoxybromide. 

[0429] Also employable is a compound analogous to the above-mentioned organoaluminum compound, for example, 
an organoaluminum compound wherein two or more aluminum compounds are bonded through a nitrogen atom. Spe- 
5 crfically. there can be mentioned a compound of the formula (C 2 H 5 ) 2 AIN(C 2 H 5 )AI(C 2 H 5 ) 2 . 

[0430] Further, isoprenylaluminum represented by the formula (i-C 4 H9) x Aly(C5H 10 )2 is also employable as the organic 
compound (C). 

[0431] Although the catalyst for ethylenically unsaturated monomer polymerization (ethylenically unsaturated mono- 
mer polymerization catalyst) according to the invention comprises the components (A) ( (B) and (C), the catalyst may 
io further comprise a particulate carrier (D) on which only the component (A) is supported or the component (B) and/or 
the component (C) is supported together with the component (A). 

[0432] The particulate carrier (D) employable in the invention is an inorganic or organic compound in the form of a 
granular or fine particle solid having a particle diameter of usually 10 to 300 urn, preferably 20 to 200 urn. The inorganic 
carrier is preferably a porous oxide, and examples thereof include Si0 2 , AI2O3, MgO, Zr0 2 , Ti0 2 , B 2 0 3 , CaO, ZnO, 

is BaO. ThO a , and mixtures thereof, such as Si0 2 -MgO, Si0 2 -Al 2 0 3 , Si0 2 -Ti0 2 . Si0 2 -V 2 0 5 , Si0 2 -Cr 2 0 3 and Si0 2 -Ti0 2 - 
MgO. Of these, preferable are oxides containing at least one of Si0 2 and Al 2 0 3 as a main component. 
[0433] The inorganic oxides may contain small amounts of carbonate, sulfate, nitrate and oxide components, such as 
Na 2 C0 3 . K 2 C0 3 , CaC0 3 , MgCC^, Na 2 S0 4 . AI 2 (S0 4 ) 3 , BaS0 4 , KN0 3 , Mg(N0 3 ) 2 , AI(N0 3 ) 3 , Na 2 0, K 2 0 and Li 2 0. 
[0434] Although properties of the particulate carrier (D) vary depending on the type or the preparation process, the 

20 carrier preferably used in the invention desirably has a specific surface area of 50 to 1,000 m 2 /g, preferably 100 to 700 
m 2 /g, and has a pore volume of 0.3 to 2.5 cm 3 /g. The inorganic carrier is used, if necessary, after calcined at a temper- 
ature of 1 00 to 1 ,000 °C, preferably 1 50 to 700 °C. 

[0435] Another example of the particulate carrier is an organic compound in the form of a granular or fine particle solid 
having a particle diameter of 10 to 300 \xm. Examples of such organic compounds include (co)polymers produced 
25 mainly from a-olefins of 2 to 14 carbon atoms such as ethylene, propylene, 1-butene and 4-methyl-1-pentene and 
(co)polymers produced mainly from vinylcyclohexane or styrene. 

[0436] The ethylenically unsaturated monomer polymerization catalyst of the invention comprises (A) the compound 
of a transition metal selected from Groups 3 to 12, (B) the compound obtained by the reaction of the compounds (i). (ii) 
and (iii) or the reaction of the compounds (i). (ii), (iii) and (iv), (C) the organic compound containing an element of Group 
30 13, and optionally, (D) the particulate carrier. Fig. 1 shows steps of a process for preparing the ethylenically unsaturated 
monomer polymerization catalyst of the invention. 

[0437] The polymerization can be carried out by, for example, the following processes, though the use of the compo- 
nents and the order of addition of the components are arbitrarily selected. 

35 (1) The component (A), the component (B) and the component (C) are added to the polymerization reactor in an 
arbitrary order. 

(2) A catalyst component obtained by previously contacting the component (A) with the component (B), and the 
component (C) are added to the polymerization reactor in an arbitrary order. 

(3) A catalyst component obtained by previously contacting the component (A) with the component (C), and the 
40 component (B) are added to the polymerization reactor in an arbitrary order. 

(4) A catalyst component in which the component (A) is supported on the particulate carrier (D) f the component (B) 
and the component (C) are added to the polymerization reactor in an arbitrary order. 

(5) A catalyst component in which the component (A) and the component (B) are supported on the particulate car- 
rier (D), and the component (C) are added to the polymerization reactor in an arbitrary order. 

45 (6) A catalyst component in which the component (A) and the component (C) are supported on the particulate car- 

rier (D), and the component (B) are added to the polymerization reactor in an arbitrary order. 
(7) A catalyst component in which the component (A), the component (B) and the component (C) are supported on 
the particulate carrier (D) is added to the polymerization reactor. 

so [0438] An ethylenically unsaturated monomer may be prepolymerized onto the solid catalyst component in which the 
component (A) and the component (B) are supported on the particulate carrier (D). 

[0439] In the process for ethylenically unsaturated monomer polymerization according to the invention, an ethyleni- 
cally unsaturated monomer is polymerized or copolymerized in the presence of the above-described polymerization 
catalyst, to obatain a polymer. 

55 [0440] In the present invention, the polymerization can be carried out in any of liquid phase polymerization such as 
solution polymerization or suspension polymerization and gas phase polymerization. 

[0441] Inert hydrocarbon media employable in the liquid phase polymerization include, for example, aliphatic hydro- 
carbons, such as propane, butane, pentane, hexane, heptane, octane, decane and kerosine; alicyclic hydrocarbons, 
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such as cyclopentane, cyclohexane and methylcyclopentane; aromatic hydrocarbons, such as benzene, toluene and 
xylene; halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and dichloromethane; and mixtures 
thereof. The ethylenically unsaturated monomer, per se, used for the polymerization can also be used as a medium. 
[0442] In the (co)polymerization of the ethylenically unsaturated monomer using the polymerization catalyst, the com- 
5 ponent (A) can be used in an amount of usually 10' 12 to 10" 2 mol, preferably 10" 10 to 10" 2 mol, based on 1 liter of the 
reaction volume. 

[0443] The component (B) can be used in such an amount that the molar ratio of the Group 13 atom (Mb) in the com- 
ponent (B) to the transition metal atom (Ma) in the component (A) (Mb/Ma) is usually 0.01 to 10,000, preferably 0.05 to 
2,000. The component (C) can be used in such an amount that the molar ratio of the component (C) to the transition 

10 metal atom (M) in the component (A) ((C)/(M)) is usually 1 to 50,000, preferably 1 to 20,000. 

[0444] The temperature for the polymerization of an ethylenically unsaturated monomer using the polymerization cat- 
alyst can be in the range of usually -50 to 200 °C. preferably 0 to 170 °C. The polymerization pressure can be in the 
range of usually atmospheric pressure to 100 kg/cm 2 , preferably atmospheric pressure to 50 kg/cm 2 . The polymeriza- 
tion reaction can be carried out by any of batchwise, semi-continuous and continuous processes. It is also possible to 

is conduct polymerization in two or more stages under different reaction conditions. 

[0445] The molecular weight of the resulting (co)polymer of the ethylenically unsaturated monomer can be adjusted 
by allowing hydrogen to be present in the polymerization reaction system or by varying the polymerization temperature. 
[0446] Examples of the ethylenically unsaturated monomers for which the polymerization catalyst of the invention is 
utilized include: 

20 

1 -olefins, such as ethylene, propylene, 1-butene, 1-pentene, 3-methyl-1-butene, 1-hexene, 4-methyl-1-pentene, 3- 
methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1 -hexadecene, 1 -octadecene and 1-eicosene; 
aryl group-substituted ethylenically unsaturated monomers, such as styrene and a-methylstyrene; 
unsaturated fatty acids, such as acrylic acid, methacrylic acid, fumaric acid, maleic anhydride, itaconic acid, ita- 

25 conic anhydride and bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid; 

unsaturated carboxylic esters, such as methyl acrylate, ethyl acrylate. n-propyl acrylate. isopropyl acrylate. n-butyl 
acryiate, isobutyl acrylate. tert-butyl acrylate, 2-ethylhexyl acrylate. methyl methacrylate, ethyl methacrylate, n-pro- 
pyl methacrylate, isopropyl methacrylate, n-butyl methacrylate and isobutyl methacrylate; 
dienes; 

30 trienes; and 
tetraenes. 

[0447] Examples of the resulting (copolymers of ethylenically unsaturated monomers include polyethylene, polypro- 
pylene, polybutene, polypentene, polyhexene, poly-4-methyl- 1-pentene, ethylene/propylene copolymer, ethyl- 

35 ene/butene copolymer, ethylene/pentene copolymer, ethylene/hexene copolymer, ethylene/4-methyl-1-pentene, 
copolymer, ethylene/octene copolymer, ethylene/propylene/butene terpolymer, ethylene/butene/hexene terpolymer, 
ethylene/butene/octene terpolymer, propylene/butene copolymer, propyl ene/pentene copolymer, propylene/hexene 
copolymer, propylene/octene copolymer, ethylene/styrene copolymer, propylene/styrene copolymer, ethyl ene/propyl- 
ene/styrene terpolymer, ethylene/octene/styrene terpolymer, ethylene/a-olefin/diene terpolymer (examples of dienes: 

40 butadiene, isoprene, 1 ,4-hexadiene, dicyclopentadiene, 5-ethylidene-2-norbornene, 7-methyl-1,6-octadiene), ethyl- 
ene/a-olefin/triene terpolymer (examples of trienes: chain or cyclic trienes such as 6,10-dimethyl-1,5,9-undecatriene 
and 5,9-dimethyl-1,4,8-decatriene), and ethylene/a-olefin/tetraene terpolymer (examples of tetraenes: 6,10,14-trime- 
thyl-1,5,9,13-pentadecatriene, 5,9,13-trimethyl-1,4,8,12-tetradecatriene). Examples of the a-olefins of the terpolymers 
include propylene, n-butene, perrtene, n-hexene and decene. 

45 

EFFECT OF TH E INVENTION 

[0448] The catalyst component for ethylenically unsaturated monomer polymerization according to the invention is 
capable of providing a highly active catalyst for ethylenically unsaturated monomer polymerization when used in com- 
50 bination with a transition metal compound such as a metallocene compound. 

[0449] The catalyst and the process for ethylenically unsaturated monomer polymerization according to the invention 
exhibit high polymerization activities and can produce (co)polymers of ethylenically unsaturated monomers having 
excellent properties. 

55 EXAMPLE 

[0450] The present invention is further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 
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[0451] In the present invention, the intrinsic viscosity ft) is measured in decahydronaphthalene (decaiin) at 135 °C 
and expressed in dl/g. 

Example 1 

5 

Preparation of solutio n A of catalyst component 

[0452] To 70 ml of a dehydrated toluene solution of 7.41 g (30.0 mmol) of bromopentaf luorobenzene in a flask thor- 
oughly purged with nitrogen, 19 ml of a hexane solution of 30. 6 mmol of n-BuLi was added at -78 °C, and the mixture 

10 was stirred at -78 °C for 4 hours. To the mixture, 300 ml of a dehydrated toluene solution of 2.67 g (10.0 mmol) of alu- 
minum tribromide was added. After natural temperature rise, the mixture was stirred at room temperature for 12 hours. 
The resulting slurry was filtered through a glass filter to obtain a filtrate. Then, a hydrous nitrogen obtained by adding 
0.09 ml of distilled water to dry nitrogen was bubbled through the filtrate with stirring at 0 °C. Thereafter, stirring was 
performed at room temperature for 3 hours and then at 60 °C for another 3 hours. The resulting solution was cooled to 

is -40 °C, and thereto was dropwise added 40 ml of a dehydrated toluene solution of 1 .39 g (5.0 mmol) of triphenylchlo- 
romethane. After the dropwise addition, the mixture was stirred at room temperature for 1 2 hours to prepare a solution 
A of a catalyst component. 

Example 2 

20 

Preparation of solution B of catalyst component 



[0453] In a flask thoroughly purged with nitrogen, a hydrous nitrogen obtained by adding 0.045 ml of distilled water to 
dry nitrogen was bubbled through 20 ml of a dehydrated toluene solution of 5 mmol of triisobutylaluminum with stirring 

25 at 0 °C. Thereafter, stirring was performed at room temperature for 3 hours. The resulting solution was cooled to 0 °C, 
and thereto was dropwise added 10 ml of a dehydrated toluene solution of 1.84 g (10.0 mmol) of pentafluorophenoL 
After the dropwise addition, the mixture was stirred at room temperature for 1 2 hours and then at 60 °C for 2hours. The 
resulting solution was cooled to 0 °C, and thereto was dropwise added 10 ml of a dehydrated toluene solution of 0.69 
g (2.5 mmol) of triphenylchloromethane. After the dropwise addition, the mixture was stirred at room temperature for 12 

30 hours to prepare a solution B of a catalyst component. 

Example 3 



Preparation of solution C of catalyst component 

35 

[0454] In a flask thoroughly purged with nitrogen, a hydrous nitrogen obtained by adding 0.045 mi of distilled water to 
dry nitrogen was bubbled through 20 ml of a dehydrated toluene solution of 5 mmol of triisobutylaluminum with stirring 
at 0 °C. Thereafter, stirring was performed at room temperature for 3 hours. The resulting solution was cooled to 0 °C, 
and thereto was dropwise added 10 ml of a dehydrated toluene solution of 2.12 g (10.0 mmol) of pentafluorobenzoic 
40 acid. After the dropwise addition, the mixture was stirred at room temperature for 12 hours and then further stirred at 
60 °C for 5 hours. The resulting solution was cooled to 0 °C, and thereto was dropwise added 10 ml of a dehydrated 
toluene solution of 0.69 g (2.5 mmol) of triphenylchloromethane. After the dropwise addition, the mixture was stirred at 
room temperature for 12 hours to prepare a solution C of a catalyst component. 

. 45 Example 4 



Preparation of solution D of catalyst component 

[0455] In a flask thoroughly purged with nitrogen, 30 ml of a dehydrated o-xylene solution of 1.56 g (8.5 mmol) of 
so 2,3,4,5,6-pentafluoroaniline was dropwise added slowly to 40 ml of a dehydrated o-xylene solution of 17 mmol of tri- 
ethylaluminum with stirring at room temperature. After the dropwise addition, the mixture was stirred for 35 hours under 
heating at 130 °C. The solvent was removed from the resulting solution, and then 50 ml of dehydrated toluene was 
added. The resulting solution was cooled to 0 °C. and thereto was dropwise added 70 ml of a dehydrated toluene solu- 
tion of 1 2.52 g (68 mmol) of pentafluorophenoL After the dropwise addition, the mixture was stirred at room temperature 
55 for 12 hours and then at 60 °C for 2 hours. The resulting solution was cooled to 0 °C. and thereto was dropwise added 
50 ml of a dehydrated toluene solution of 2.37 g (8.5 mmol) of triphenylchloromethane. After the dropwise addition, the 
mixture was stirred at room temperature for 12 hours to prepare a solution D of a catalyst component. 
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Example 5 

Preparation of solution E of catalyst component 

s [0456] In a flask thoroughly purged with nitrogen, a hydrous nitrogen obtained by adding 0.045 ml of distilled water to 
dry nitrogen was bubbled through 20 ml of a dehydrated toluene solution of 5 mmol of tri-n-octylaluminum with stirring 
at 0 °C. Thereafter, stirring was performed at room temperature for 5 hours. The resulting solution was cooled to 0 °C, 
and thereto was dropwise added 10 ml of a dehydrated toluene solution of 0.69 g (2.5 mmol) of triphenylchloromethane. 
After the dropwise addition, the mixture was stirred at room temperature for 12 hours to prepare a solution E of a cata- 

10 lyst component 

Example 6 

Ethylene polymerization 

75 

[0457] To a 500-ml glass autoclave thoroughly purged with nitrogen, 400 ml of toluene was introduced. Then, ethylene 
was passed through the system at a rate of 100 l/hr, and the system was maintained at 75 °C for 10 minutes. To the 
system, 0.28 mmol of triisobutylaluminum was added, then 0.0008 mmol of rac-dimethylsiIylene-bis(2-methyl-4-phenyl- 
indenyi)zirconium dichloride was added, and finally the solution A of a catalyst component was added in an amount of 

20 0.0032 mmol in terms of A! atom, to initiate polymerization. To the system, an ethylene gas was continuously fed at a 
rate of 100 l/hr to perform polymerization at 75 °C for 6 minutes at atmospheric pressure. Thereafter, a small amount of 
methanol was added to terminate the polymerization. The polymer solution was added to a large excess of methanol 
to precipitate a polymer, followed by vacuum drying at 80 °C for 12 hours. As a result, 8.00 g of a polymer was obtained. 
The polymerization activity was 100 kg-PE/mmol-Zr • hr, and the obtained polymer had an intrinsic viscosity fa) of 6.10 

25 dl/g. 

Example 7 

Ethylene polymerization 

30 

[0458] Ethylene polymerization was carried out in the same manner as in Example 6, except that the solution B of a 
catalyst component prepared in Example 2 was used in place of the solution A of a catalyst component. As a result, 
1 .44 g of a polymer was obtained. The polymerization activity was 1 8 kg-PE/mmol-Zr • hr, and the obtained polymer had 
an intrinsic viscosity (-q) of 3.50 dl/g. 

35 

Example 8 

Ethylene polymerization 

40 [0459] Ethylene polymerization was carried out in the same manner as in Example 6, except that the solution D of a 
catalyst component prepared in Example 4 was added in an amount of 0.016 mmol in terms of Al atom in place of add- 
ing the solution A of a catalyst component in an amount of 0.0032 mmol in terms of Al atom. As a result, 0.50 g of a 
polymer was obtained. The polymerization activity was 6.25 kg-PE/mmol-Zr • hr, and the obtained polymer had an 
intrinsic viscosity (tj) of 3.48 dl/g. 

45 

Example 9 

Ethylene polymerization 

so [0460] To a 500-ml glass autoclave thoroughly purged with nitrogen, 400 ml of toluene was introduced. Then, ethylene 
was passed through the system at a rate of 100 l/hr, and the system was maintained at 75 °C for 10 minutes. To the 
system, 0.28 mmol of triisobutylaluminum was added, then 0.0008 mmol of ethylene-bis(indenyl)zirconium dichloride 
was added, and finally the solution A of a catalyst component was added in an amount of 0.0032 mmol in terms of Al 
atom, to initiate polymerization. To the system, an ethylene gas was continuously fed at a rate of 100 l/hr to perform 

55 polymerization at 75 °C for 6 minutes at atmospheric pressure. Thereafter, a small amount of methanol was added to 
terminate the polymerization. The polymer solution was added to a large excess of methanol to precipitate a polymer, 
followed by vacuum drying at 80 °C for 12 hours. As a result, 5.80 g of a polymer was obtained. The polymerization 
activity was 72.5 kg-PE/mmol-Zr • hr, and the obtained polymer had an intrinsic viscosity fa) of 1 .8 dl/g. 
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Example 10 

Ethylene polymerization 

5 [0461 ] Ethylene polymerization was carried out in the same manner as in Example 9, except that the solution B of a 
catalyst component prepared in Example 2 was used in place of the solution A of a catalyst component and the polym- 
erization time was varied to 10 minutes. As a result, 1 .44 g of a polymer was obtained. The polymerization activity was 
10.8 kg-PE/mmol-Zr • hr, and the obtained polymer had an intrinsic viscosity (rj) of 1 .43 dl/g. 

io Example 1 1 

Ethylene polymerization 

[0462] Ethylene polymerization was carried out in the same manner as in Example 10, except that the solution C of 
75 a catalyst component prepared in Example 3 was used in place of the solution B of a catalyst component. As a result, 
0.80 g of a polymer was obtained. The polymerization activity was 6.0 kg-PE/mmol-Zr • hr, andthe obtained polymer 
had an intrinsic viscosity (n) of 1 .58 dl/g. 

Example 12 

20 

Propylene polymerization 

[0463] To a 500-ml glass autoclave thoroughly purged with nitrogen, 4O0 ml of toluene was introduced. Then, propyl- 
ene was passed through the system at a rate of 100 l/hr, and the system was maintained at 50 °C for 20 minutes. To 

25 the system, 0.28 mmol of triisobutylaluminum was added, then 0.0008 mmol of rac-dimethylsilylene-bis(2-methyl-4- 
phenylindenyl)zirconium dichloride was added, and finally the solution A of a catalyst component was added in an 
amount of 0.0032 mmol in terms of Al atom, to initiate polymerization. To the system, a propylene gas was continuously 
fed at a rate of 100 l/hr to perform polymerization at 50 °C for 30 minutes at atmospheric pressure. Thereafter, a small 
amount of methanol was added to terminate the polymerization. The polymer solution was added to a large excess of 

30 methanol to precipitate a polymer, followed by vacuum drying at 80 °C for 1 2 hours. As a result, 2.40 g of a polymer was 
obtained. The polymerization activity was 6.00 kg-PP/mmol-Zr • hr, and the obtained polymer had an intrinsic viscosity 
(ti) of 3.60 dl/g. 

Example 13 

35 

Propylene polymerization 

[0464] Propylene polymerization was carried out in the same manner as in Example 12, except that rac-dimethylsi- 
lylene-bis(2-methyl-4-phenylindenyl)zirconium dichloride was replaced with ethylene-bis(indenyl)zirconium dichloride. 
40 As a result, 0.24 g of a polymer was obtained. The polymerization activity was 0.60 kg-PP/mmol-Zr • hr. and the 
obtained polymer had an intrinsic viscosity (ti) of 0.45 dl/g. 

Example 14 

45 Ethvlene/propvlene copoivmerization 

[0465] To a 500-ml glass autoclave thoroughly purged with nitrogen, 400 ml of toluene was introduced. Then, a mixed 
gas of ethylene (40 l/hr) and propylene (60 l/hr) was passed through the system, and the system was maintained at 50 
°C for 20 minutes. To the system, 0.28 mmol of triisobutylaluminum was added, then 0.0008 mmol of rac-dimethylsi- 

so lylene-bis(2-methyl-4-phenylindenyl)zirconium dichloride was added, and finally the solution A of a catalyst component 
was added in an amount of 0.0032 mmol in terms of Al atom, to initiate polymerization. To the system, a mixed gas of 
ethylene (40 l/hr) and propylene (60 l/hr) was continuously fed to perform polymerization at 50 °C for 30 minutes at 
atmospheric pressure. Thereafter, a small amount of methanol was added to terminate the polymerization. The polymer 
solution was washed with a hydrochloric acid aqueous solution and concentrated to precipitate a polymer, followed by 

55 vacuum drying at 130 °C for 12 hours. As a result. 2.80 g of a polymer was obtained. The polymerization activity was 
7.00 kg-polymer/mmol-Zr • hr, and the obtained polymer had an intrinsic viscosity (n) of 0.67 dl/g and a density of 0.864 
g/cm 3 . 
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Example 15 

Ethvlene/octe ne copoivmerization 

5 [0466] To a 500-ml glass autoclave thoroughly purged with nitrogen, 380 ml of toluene, and then 20 ml of 1-octene 
were introduced. Then, ethylene was passed through the system at a rate of 100 l/hr, and the system was maintained 
at 50 °C for 20 minutes. To the system, 0.28 mmol of triisobutylaluminum was added, then 0.0008 mmol of rac<limeth- 
ylsilylene-bis(2-methyl-4-phenylindenyl)zirconium dichloride was added, and finally the solution A of a catalyst compo- 
nent was added in an amount of 0.0032 mmol in terms of Al atom, to initiate polymerization. To the system, an ethylene 

10 gas was continuously fed at a rate of 1 00 l/hr to perform polymerization at 50 °C for 30 minutes at atmospheric pressure. 
Thereafter, a small amount of methanol was added to terminate the polymerization. 

[0467] The polymer solution was washed with a hydrochloric acid aqueous solution and concentrated to precipitate a 
polymer, followed by vacuum drying at 130 °C for 12 hours. As a result, 0.36 g of a polymer was obtained. The polym- 
erization activity was 0.90 kg-polymer/mmol-Zr • hr, and the obtained polymer had an intrinsic viscosity fr) of 0.89 dl/g 
75 and a density of 0.858 g/cm 3 . 

Example 16 

Ethylene polymerization 

20 

[0468] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced. Then, ethylene 
was passed through the system at a rate of 100 l/hr, and the system was maintained at 25 °C for 10 minutes. To the 
system, 0.0625 mmol of triisobutylaluminum was added, then 0.0025 mmol of the following Ni catalyst was added, and 
finally the solution A of a catalyst component was added in an amount of 0.005 mmol in terms of Al atom, to initiate 
25 polymerization. To the system, an ethylene gas was continuously fed at a rate of 100 l/hr to perform polymerization at 
25 °C for 15 minutes at atmospheric pressure. Thereafter, a small amount of methanol was added to terminate the 
polymerization. The polymer solution was added to a large excess of methanol to precipitate a polymer, followed by vac- 
uum drying at 80 °C for 12 hours. As a result, 0.20 g of a polymer was obtained. The polymerization activity was 0.32 
kg-PE/mmol-Zr • hr. 

30 



35 




40 



Example 17 
45 Ethylene polymerization 

[0469] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced. Then, ethylene 
was passed through the system at a rate. of 100 l/hr, and the system was maintained at 25 °C for 10 minutes. To the 
system, 0.833 mmol of triisobutylaluminum was added, then 0.0105 mmol of 2,2 , -thiobis(4-methyl-6-t-butylphenoxy)tita- 

so nium dichloride was added, and finally the solution A of a catalyst component was added in an amount of 0.021 mmol 
in terms of Al atom, to initiate polymerization. To the system, an ethylene gas was continuously fed at a rate of 100 l/hr 
to perform polymerization at 25 °C for 60 minutes at atmospheric pressure. Thereafter, a small amount of methanol was 
added to terminate the polymerization. The polymer solution was added to a large excess of methanol to precipitate a 
polymer, followed by vacuum drying at 80 °C for 12 hours. As a result, 4.50 g of a polymer was obtained. The polymer- 

55 ization activity was 0.43 kg-PE/mmol-Zr • hr. 

[0470] The results in Examples 6 to 1 7 are set forth in Table 3. 
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Table 3 



5 



75 



20 



25 



30 





Transition metal 
component 


Solution of 
catalyst component 


Organoa luminum 
compound 


Type 


Zr 

concentration 
(rnmol) 


Type 


Al 

concentration 
(rnmol) 


Type 


Al 

concentration 
(rnmol) 


Ex. 6 


(1) 


0.0008 


(A) 


0.0032 


TIBA 


0.280 


Ex. 7 


(1) 


0 .0008 


(B) 


0.0032 


TIBA 


0.280 


Ex. 8 


(1) 


0.0008 


(D) 


0.0160 


TIBA 


0.280 


Ex. 9 


(2) 


0.0008 


(A) 


0:0032 


TIBA 


0.280 


Ex. 10 


(2) 


0.0008 


(B) 


0.0032 


TIBA 


0.280 


Ex.11 


(2) 


0.0008 


(C) 


0.0032 


TIBA 


0.280 


Ex.12 


(1) 


0 .0008 


(A) 


0.0032 


TIBA 


0.280 


Ex.13 


(2) 


0.0008 


(A) 


0.0032 


TIBA 


0 .280 


Ex. 14 


(1) 


0.0008 


(A) 


0.0032 


TIBA 


0.280 


Ex.15 


(1) 


0.0008 


(A) 


0.0032 


TIBA 


0.280 


Ex.16 


(3) 


0.0025 


(A) 


0.0050 


TIBA 


0.0625 


Ex.17 


(4) 


0 .0105 


(A) 


0.0210 


TIBA 


0.833 



TIBA : triisobutylaluminum 

(1) rac-Me2Si (2-Me-4-Ph-Ind) 2ZrCl2 

(2) Et (Ind) 2 ZrCl 2 




50 



BNSDOCIO: <EP 0924223A2J_> 



145 



EP 0 924 223 A2 



Table 3 (Continued) 



5 




Temperature 


Time 
(min) 


Yield 

(g) 


Activity 
(kg/mmol- 
Zrrhr) 


(dl/g) 




Ex. 6 


75 


6 


8.00 


100.00 


6.10 


10 
















Ex. 7 


75 


6 


1.44 


18.00 


3.50 




Ex. 8 


75 


6 


0.50 


6.25 


3.48 


15 


Ex. 9 


75 


6 


5 . 80 


72.50 


1 . 80 




Ex.10 


75 


10 


1.44 


10.8 


1.43 


20 


Ex.11 


75 


10 


0.80 


6.00 


1.58 


Ex.12 


50 


30 


2 .40 


6.00 


3.60 




Ex.13 


50 


30 


0.24 


0.60 


0.45 


25 
















Ex.14 


50 


30 


2.80 


7.00 


0.67 




Ex.15 


50 


30 


0.36 


0.90 


0.89 


30 


.Ex.16 


25 


15 


0.20 


0.32 






Ex.17 


25 


60 


4.50 


0.43 





[0471] In Table 3, the terms "Zr concentration" and "A! concentration" represent the concentration of the compound 
in terms of Zr atom and Al atom, respectively. 

40 Example 18 

Preparation of solution F of catalyst component 

[0472] In a flask thoroughly purged with nitrogen, 30 ml of a dehydrated o-xylene solution of 1 .83 g (10.0 mmol) of 
45 2,3,4,5.6-pentafluoroaniline was dropwise added slowly to 20 ml of a dehydrated o-xyiene solution of 20 mmol of diethy- 
laiuminum chloride with stirring at room temperature. After the dropwise addition, the mixture was stirred for 40 hours 
under heating at 125 °C. The solvent was removed from the resulting solution, and then 50 ml of hexane was added 
and stirred. The solution portion was removed by decantation, and to the insoluble portion was added 100 ml of dehy- 
drated toluene to obtain a toluene solution (solution f-1). 
so [0473] Separately, in a flask thoroughly purged with nitrogen, 2.95 ml of an n-hexane solution of 4.69 mmol of n-BuLi 
was added to 20 ml of a dehydrated toluene solution of 0.57 ml (4.56 mmol) of pentafluorobenzene with stirring at -78 
°C. and the mixture was stirred at -78 °C for 7 hours to obtain a solution (solution f-2). 

[0474] From the solution f-1 . an aliquot of 2.28 mmol in terms of Al atom was dispensed, and the whole amount of the 
solution f-2 was dropwise added slowly to the dispensed solution with stirring at -78 °C. After natural temperature rise. 
55 the mixture was stirred at room temperature for 1 2 hours. The resulting slurry was filtered through a glass filter to obtain 
a filtrate (solution f-3). 

[0475] From the solution f-3, an aliquot of 0.852 mmol in terms of Al atom was dispensed into a flask thoroughly 
purged with nitrogen. Then, 10 ml of a dehydrated toluene solution of 0.24 g (0.86 mmol) of triphenylchloromethane 
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was dropwise added to the dispensed solution with stirring at -78 °C. After natural temperature rise, the mixture was 
stirred at room temperature for 12 hours to prepare a solution F of a catalyst component. 

Example 19 

5 

Preparation of solution G of catalyst component 

[0476] In a flask thoroughly purged with nitrogen, 1 .00 g (4.62 mmol) of diphenylsilanediol and 50 ml of dehydrated 
toluene were stirred at room temperature. The mixture was cooled to -78 °C with stirring, followed by dropwise adding 

10 slowly 30 ml of a dehydrated toluene solution of 9.24 mmol of diethylaluminum chloride. After the dropwise addition and 
natural temperature rise, the mixture was stirred at room temperature for 12 hours and then for 6 hours under heating 
at 100 °C. The solvent was removed from the resulting solution, and then 50 ml of hexane was added and stirred. The 
solution portion was removed by decantation, and to the insoluble portion was added 100 ml of dehydrated toluene to 
obtain a toluene solution (solution g-1). 

15 [0477] Separately, in a flask thoroughly purged with nitrogen, 1 1 .50 ml (18.50 mmol) of an n-hexane solution of n-BuLi 
was added to 20 ml of a dehydrated toluene solution of 2.30 ml (18.50 mmol) of pentafluorobenzene with stirring at -78 
°C, and the mixture was stirred at -78 °C for 7 hours to obtain a solution (solution g-2). 

[0478] The solution g-2 was dropwise added slowly to the solution g- 1 with stirring at -78 °C. After natural temperature 
rise, the mixture was stirred at room temperature for 12 hours. The resulting slurry was filtered through a glass filter to 
20 obtain a filtrate (solution g-3). 

[0479] Then, 30 ml of a dehydrated toluene solution of 1 .28 g (4.60 mmol) of triphenylchloromethane was dropwise 
added to the solution g-3 with stirring at -78 °C. After natural temperature rise, the mixture was stirred at room temper- 
ature for 1 2 hours to prepare a solution G of a catalyst component. 

25 Example 20 

Ethylene polymerization 

[0480] To a 500-ml glass autoclave thoroughly purged with nitrogen, 400 ml of toluene was introduced. Then, ethylene 
30 was passed through the system at a rate of 100 l/hr, and the system was maintained at 75 °C for 10 minutes. To the 
system, 0.28 mmol of triisobutylaluminum was added, then 0.0008 mmol of rac-dimethylsilylene-bis(2-methyl-4-phenyl- 
indenyl)zirconium dichloride was added, and finally the solution F of a catalyst component was added in an amount of 
0.0032 mmol in terms of Al atom, to initiate polymerization. To the system, an ethylene gas was continuously fed at a 
rate of 100 l/hr to perform polymerization at 75 °C for 6 minutes at atmospheric pressure. Thereafter, a small amount of 
35 methanol was added to terminate the polymerization. The polymer solution was added to a large excess of methanol 
to precipitate a polymer, followed by vacuum drying at 80 °C for 12 hours. As a result. 5.90 g of a polymer was obtained. 
The polymerization activity was 73.75 kg-PE/mmo!-Zr • hr, and the obtained polymer had an intrinsic viscosity (r\) of 
5.63 dl/g. 

40 Example 21 

Ethylene polymerization 

[0481 ] Ethylene polymerization was carried out in the same manner as in Example 20, except that ethylene-bis(inde- 
45 nyl)zirconium dichloride was used in place of rac-dimethylsilylene-bis(2-methyl-4-phenylindenyl)zircxDniurh dichloride. 
As a result, 7.20 g of a polymer was obtained. The polymerization activity was 90.00 kg-PE/mmol-Zr- hr, and the 
obtained polymer had an intrinsic viscosity (r\) of 1 .75 dl/g. 

Example 22 

so 

Ethylene polymerization 

[0482] Ethylene polymerization was carried out in the same manner as in Example 20, except that the solution G of 
a catalyst component was used in place of the solution F of a catalyst component. As a result. 4.57 g of a polymer was 
55 obtained. The polymerization activity was 57.13 kg-PE/mmol-Zr • hr, and the obtained polymer had an intrinsic viscosity 
Cn) of 6.91 dl/g. 
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Example 23 

Ethylene polymerization 

5 [0483] Ethylene polymerization was carried out in the same manner as in Example 20, except that ethylene-bis(inde- 
nyl)zirconium dichloride was used in place of rac-dimethylsilylene-bis(2-methyl-4-phenylindenyl)zirconium dichloride 
and the solution G of a catalyst component was used in place of the solution F of a catalyst component. As a result, 
1 0.64 g of a polymer was obtained. The polymerization activity was 1 33.00 kg-PE/mmo!-Zr • hr, and the obtained poly- 
mer had an intrinsic viscosity fa) of 1 .48 dl/g. 

10 

Example 24 

Ethylene polymerization 

15 [0484] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced. Then, ethylene 
was passed through the system at a rate of 100 l/hr, and the system was maintained at 25 °C for 10 minutes. To the 
system, 0.25 mmol of triisobutylaluminum was added, then 0.005 mmol of a zirconium compound represented by the 
following formula was added, and finally the solution G of a catalyst component was added in an amount of 0.012 mmol 
in terms of Al atom, to initiate polymerization. To the system, an ethylene gas was continuously fed at a rate of 100 l/hr 

20 to perform polymerization at 25 °C for 5 minutes at atmospheric pressure. Thereafter, a small amount of methanol was 
added to terminate the polymerization. The polymer solution was added to a large excess of methanol to precipitate a 
polymer, followed by vacuum drying at 80 °C for 12 hours. As a result, 2.10 g of a polymer was obtained. The polymer- 
• ization activity was 5.04 kg-PE/mmol-Zr • hr, and the obtained polymer had an intrinsic viscosity (t|) of 0.15 dl/g. 



25 



30 




35 



Example 25 

40 

Ethylene polymerization 

[0485] Ethylene polymerization was carried out in the same manner as in Example 24. except that a titanium com- 
pound represented by the following formula was used in place of the zirconium compound represented by the above 
45 formula. As a result, 0.40 g of a polymer was obtained. The polymerization activity was 0.48 kg-PE/mmol-Ti •hr, and 
the obtained polymer had an intrinsic viscosity (r|) of 6.32 dl/g. 



so 



55 
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5 



10 




Example 

Ethylene polymerization 

20 [0486] Ethylene polymerization was carried out in the same manner as in Example 24, except that a zirconium com- 
pound represented by the following formula was used in place of the zirconium compound represented by the above 
formula. As a result, 2.15 g of a polymer was obtained. The polymerization activity was 5.16 kg-PE/mmol-Zr • hr, and 
the obtained polymer had an intrinsic viscosity fa) of 1 .1 7 dl/g. 



25 



30 




Example 27 

40 

Ethylene polymerization 

[0487] Ethylene polymerization was carried out in the same manner as in Example 24, except that a titanium com- 
pound represented by the following formula was used in place of the zirconium compound represented by the above 

. 45 formula. As a result, 0.15 g of a polymer was obtained. The polymerization activity was 0.18 kg-PE/mmol-Ti • hr, and 

the obtained polymer had an intrinsic viscosity (t|) of 6.31 dl/g. 



BNSDOCJD: <EP 0924223A2J_> 



149 



EP 0 924 223 A2 



5 



10 




^TiCl 2 



75 



Example 28 

20 

Ethylene polymerization 

[0488] To a 500-ml glass autoclave thoroughly purged with nitrogen, 250 ml of toluene was introduced. Then, ethylene 
was passed through the system at a rate of 100 l/hr, and the system was maintained at 25 °C for 10 minutes. To the 

25 system, 0.100 mmol of triisobutylaluminum was added, then 0.005 mmol of an iron compound represented by the fol- 
lowing formula was added, and finally the solution G of a catalyst component was added in an amount of 0.010 mmol 
in terms of A! atom, to initiate polymerization. To the system, an ethylene gas was continuously fed at a rate of 100 l/hr 
to perform polymerization at 25 °C for 5 minutes at atmospheric pressure. Thereafter, a small amount of methanol was 
added to terminate the polymerization. The polymer solution was added to a large excess of methanol to precipitate a 

30 polymer, followed by vacuum drying at 80 °C for 1 2 hours. As a result, 0.45 g of a polymer was obtained. The polymer- 
ization activity was 10.80 kg-PEAnmol-Fe • hr, and the obtained polymer had an intrinsic viscosity fr) of 3.01 dl/g. 



35 





~; Fe ; 

l ci 
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[0489] The results in Examples 20 to 28 are set forth in Table 4. 
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Table 4 



10 



15 



20 





Transition metal 
component 


Solution of 
catalyst component 


Organoaluminum 
compound 


Type 


Concentration 
(mmol) 


Type 


Al 

concentration 
(mmol) 


Type 


Al 

cone en t ra t i on 
(mmol) 


Ex.20. 


(1) 


0 .0008 


F 


0 .0032 


TIBA 


0.280 


Ex.21 


(2) 


0 .0008 


F 


0 .0032 


TIBA 


0.280 


Ex.22 


(1) 


0.0008 


G 


0.0032 


TIBA 


0.280 


Ex.23 


(2) 


" 0.0008 


G 


0.O032 


TIBA 


0.280 


Ex.24 


(5) 


0.005 


G 


0.012 


TIBA 


0.250 


Ex.25 


(6) 


0.005 


G 


0.012 


TIBA 


0.250 


Ex.26 


(7) 


0 .005 


G 


0.012 


TIBA 


0.250 j 


Ex.27 


(8) 


0.005 


G 


0.012 


TIBA 


0.250 


Ex. 28 


(9) 


0.005 


G 


0.010 


TIBA 


0.100 



25 

T IB A : t r i i s obu ty 1 a 1 uminum 

( 1 ) rac -Me 2 S i ( 2 -Me - 4 - Ph- Ind ) 2 ZrCl2 

(2) Et (Ind) 2 ZrCl 2 
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Table 4 (Continued) 



w 





<°C) 


Time 
(min) 


Yield 

(g) 


AcCxvi fcy* 
(kg/inmol- 
itietal -hr) 


Intrns ic 
viscosity 
(Ti) (dl/g) 


Ex.20 


75 


6 


5.90 


73 .75 


5.63 


Ex.21 


75 


6 


7.20 


90.00 


1.75 


Ex.22 


"7 ^ 
/ D 


o 




3 / . X J 


£ Q1 


Ex.23 


75 


6 


10.64 


133.00 


1.48 


Ex.24 


25 


5 


2.10 


5 .04 


0.15 


Ex.25 


25 


5 


0.40 


0 .48 


6.32 


Ex.26 


25 


10 


2.15 


5 .16 


1.17 


Ex.27 


25 


10 


0.15 


0 .18 


6.31 


Ex.28 


25 


5 


0.45 


10.80 


3.01 



25 

[0490] In Table 4, the term "concentration" represents the concentration of the corresponding compound in terms of 
the metal atom. 

Claims 

30 

1 . A catalyst component for ethyienically unsaturated monomer polymerization, comprising a compound obtained by 
the reaction of the following compounds (i), (ii), (Hi) and optionally (iv) in any order: 

(i) a compound comprising a metal of Group 13 of the periodic table; 
35 (jj) a compound capable of reacting with the compound (i) to be bonded to two or more of the Group 13 metal; 

(iii) a compound capable of reacting with a compound comprising a metal of Group 13 of the periodic table to 
form an ionizing ionic compound; and 

(iv) at least one compound selected from a hydrocarbon compound, a halogenated hydrocarbon compound, a 
hydroxyhydrocarbon compound, a silanol compound, a boronic acid compound, an organic carboxylic acid 

40 compound, an organic sulfonic acid compound, a hydroxylamine compound, a sulfonamide compound, a 

ketoimide compound, an amide compound, an oxime compound, an amine compound, an imide compound, a 
diimine compound, an imine compound, a diketone compound, and metallic salts thereof. 

2. A catalyst component for ethyienically unsaturated monomer polymerization, comprising a compound obtained by 
45 the reaction of the following compounds (i), (ii) and optionally (iv) in any order, and then further the following com- 
pound (iii): 

(i) a compound represented by the following formula: 

so MR 1 R 2 R 3 

wherein M is an atom of Group 13 of the periodic table; R 1 , R 2 and R 3 may be the same or different and are 
each a halogen atom, a hydrogen atom, a hydroxy group or an organic group; and two groups of R 1 , R 2 and 
R 3 may be bonded to form a ring; 
55 (ii) a compound capable of reacting with the compound (i) to be bonded to two or more M; 

(iii) a compound capable of reacting with the reaction product obtained by reacting the compound (i), the com- 
pound (ii) and optionally the compound (iv) with each other in any order to form an ionizing ionic compound; 

(iv) at least one compound selected from a hydrocarbon compound, a halogenated hydrocarbon compound, a 
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hydroxyhydrocarbon compound, a silanol compound, a boronic acid compound, an organic carboxylic acid 
compound, an organic sulfonic acid compound, a hydroxylamine compound, a sulfonamide compound, a 
ketoimide compound, an amide compound, an oxime compound, an amine compound, an imide compound, a 
diimine compound, an imine compound, a diketone compound, and metallic salts thereof. 

3. The catalyst component as claimed in claim 1 or 2, wherein the compound (i) is an aluminum compound repre- 
sented by the following formula: 

R^AKOR^Xp 

wherein R a and R b may be the same or different and are each a hydrocarbon group of 1 to 15 carbon atoms; X is 
a halogen atom; and m, n and p are numbers satisfying the conditions of 0<ms3, Qzn<3, 0<p<3 and m+n+p = 3 . 

4. The catalyst component as claimed in any one of claims 1 to 3, wherein the compound (ii) is at least one compound 
selected from the group consisting of H 2 0. H 2 S and compounds represented by the following formulae: 



^ COOH ^ OH 

R 4 NH 2 R* R 5 

COOH ' OH 



R 6 O OR 8 

^ N — H I ^H ° f 

r5 r 4 — s— N / s— n— H 

^N-H J. ^"H /\ 

R 7 ° «5 ° 

R v O 

\ 1 

S — N — H 

1 1 - 

O R 9 

H O 
^ C— N-OH I ^ H 

R 5 R 4 — C— N 

C-N- OH , H , 

H 

O 
I 

, S — OH 

OR 8 /I 

5 ^C-N-OH HN NH ^ \ ° 

R - rr oH AA f-° H 

OR 9 R 8 R 9 . O 



wherein R 4 is a hydrogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silicon-containing 
group, a germanium-containing group, a tin-containing group or an oxygen-containing group; R 5 is a divalent hydro- 
carbon group, a divalent halogenated hydrocarbon group, a divalent silicon-containing group, a divalent germa- 
nium-containing group, a divalent tin-containing group, a divalent boron-containing group or a single bond; R 6 and 
R 7 may be the same or different and are each a hydrogen atom, a hydrocarbon group, a halogenated hydrocarbon 
group, a silicon-containing group, a germanium-containing group, a tin-containing group or an oxygen-containing 
group; each of R 6 and R 7 may be bonded to a caitoon atom for constituting R 5 to form a ring; and R 8 and R 9 may 
be the same or different and are each a hydrogen atom, a hydrocarbon group or a halogenated hydrocarbon group. 
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5. The catalyst component as claimed in any one of claims 1 to 4, wherein the compound (Hi) is a compound capable 
of forming an ionizing ionic compound having a carbonium cation, an oxonium cation, an ammonium cation, a 
phosphonium cation, a cycloheptyltrienyl cation or a ferrocenium cation. 

5 6. The catalyst component as claimed in any one of claims 1 to 5, wherein the compound (iv) is at least one com- 
pound selected from compounds represented by the following formulae: 

R 10 X, 

io R 10 H, 

R 10 OH, 
R 10 R 11 NH, 

15 

R 10 COOH, 
R 10 SO 3 H, 

20 R 10 R 11 CNOH, 

R 10 R 11 NOH, 
R 10 CONHR 11 . 

25 

R 10 SO 2 NHR 11 , 
R 10 COCH 2 COR 11 .and 

30 R 10 C(=NH)CH 2 COR 11 

wherein R 10 is a hydrocarbon group, a halogenated hydrocarbon group, a silicon-containing group, a germanium- 
containing group, a tin-containing group or a boron-containing group; R 11 is a hydrogen atom, an alkoxy group or 
any of a hydrocarbon group, a halogenated hydrocarbon group, a silicon-containing group, a germanium-containing 
35 group, a tin-containing group and a boron-containing group each of which is the same as or different from R 10 ; and 
X is a halogen atom. 

7. A catalyst component for ethylenically unsaturated monomer polymerization, being represented by the following 
formula: 

40 

? ? ? . 

( [ Q— M— Y— (M-Y-) n M— Q ■ (Z^) m ] ) . ( [A] ) r 

45 

wherein each M may be the same or different and is an atom of Group 13 of the periodic table; n is an integer of 0 
or more; Y is a divalent bonding group, and when n is 1 or more, plural Y may be the same or different; Z is a group 
capable of being bonded to one or more M; m is an integer of not less than 1 and not more than n+1 ; each Q may 
so be the same or different and is a group selected from the following groups: 
R 10 — , R 10 O— , R 10 R 11 N— , R 10 COO— , R 10 SO 3 — , 
r10SO 2 — R 10 CO— , R 10 R 11 CNO— , R 10 R 11 NO— . 



RlOCONR 11 , R 10 SO 2 NR 11 , R 10 C (=N) CHCOR 11 , 
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R 10 COCH 2 CO— . 

(wherein R 10 is a hydrocarbon group, a halogenated hydrocarbon group, a silicon-containing group, a germanium- 
containing group, a tin-containing group or a boron-containing group; and R 1 1 is a hydrogen atom, an alkoxy group 
or any of a hydrocarbon group, a halogenated hydrocarbon group, a silicon-containing group, a germanium-con- 
taining group, a tin-containing group and a boron-containing group each of which is the same as or different from 
R 10 ); A is a cation; and k is a number satisfying the condition of k = jm/r and is a valence of the cation A. 

8. The catalyst component as claimed in claim 7, wherein the divalent bonding group Y is a divalent bonding group 
selected from the following divalent bonding groups: 



w 



15 



20 



35 



-O- , -S- , R 4 N ^ m R 5 



R 6 

0 

r4 -?- n: 

R 7 O 



COO- 
COO- 





- 0- 








" 0- 


O 


R 8 


1 


1 


s— 


N — 


I 




o 




o 




1 




s — 


N — 


1 

o 





H 

25 ^ C— N- O— 0 

R 5 ^ „ „ . R'-C-N^" 
C — N— O— — 
H 

O 

30 I 



OR 8 / 11 

C— N-O- s ' R 



O 



C _ N _ 0 _ 

R -c- r o- AA ?-°- 

OR 9 R 8 R 9 § O 

40 wherein R 4 is a hydrogen atom, a hydrocarbon group, a halogenated hydrocarbon group, a silicon-containing 
group, a germanium-containing group, a tin-containing group or an oxygen-containing group; R 5 is a divalent hydro- 
carbon group, a divalent halogenated hydrocarbon group, a divalent silicon-containing group, a divalent germa- 
nium-containing group, a divalent tin-containing group, a divalent boron-containing group or a single bond; R 6 and 
R 7 may be the same or different and are each a hydrogen atom, a hydrocarbon group, a halogenated hydrocarbon 

45 group, a silicon-containing group, a germanium-containing group, a tin-containing group or an oxygen-containing 
group; each of R 6 and R 7 may be bonded to a carbon atom for constituting R 5 to form a ring; and R 8 and R 9 may 
be the same or different and are each a hydrogen atom, a hydrocarbon group or a halogenated hydrocarbon group. 

9. The catalyst component as claimed in claim 7 or 8, wherein the group Z capable of being bonded to one or more 
so M is a group selected from a halogen anion, a hydride, a carbanion, an alcoholate, an arylalcoholate, an alkylcar- 

boxylate, an arylcarboxylate, a thiolate, a carbothiolate, a dithiocarbonate, a trithiocarbonate, a sulfonate, a sulfa- 
mate and a phosphate. 

10. The catalyst component as claimed in any one of claims 7 to 9, wherein the cation A is a cation selected from the 
55 group consisting of a carbonium cation, an oxonium cation, an ammonium cation, a phosphonium cation, a 

cycloheptyltrienyl cation, a ferrocenium cation and metallic cations of Groups 1 and 11 of the periodic table. 

1 1 . A catalyst for ethylenically unsaturated monomer polymerization, comprising: 
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(A) a compound of a transition metal selected from Groups 3 to 12 of the periodic table, 

(B) the catalyst component as claimed in any one of claims .1 to 1 0, and 

(C) an organic compound containing an element of Group 13 of the periodic table. 

5 12. The catalyst as claimed in claim 1 1 . wherein the component (A) is a transition metal compound represented by any 
one of the following formulas (I) to (VIII): 

M 1 U X (l) 

w wherein M 1 is a transition metal atom of Group 4 of the periodic table; x is a number satisfying the valence of the 
transition metal atom M 1 ; L 1 is a ligand coordinated to the transition metal atom; at least one L 1 is a ligand having 
cyclopentadienyl skeleton; L 1 other than the ligand having cyclopentadienyl skeleton is a hydrocarbon group of 1 
to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sul- 
fur-containing group, a nitrogen-containing group, a phosphorus-containing group, a silicon-containing group, a 

15 halogen atom or a hydrogen atom; and when two or more ligands having cyclopentadienyl skeleton are present, 
two of them may be bonded through an optionally substituted alkylene group or an optionally substituted silylene 
group; 



20 



25 




... (ID 



30 

wherein M 1 is a transition metal atom of Group 4 of the periodic table; R 16 , R 17 , R 18 and R 19 may be the same or 
different and are each a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 
carbon atoms, a silicon-containing group, an oxygen-containing group, a sulfur-containing group, a nitrogen-con- 
taining group, a phosphorus-containing group, a hydrogen atom or a halogen atom; a part of the adjacent groups 

35 of R 16 , R 17 , R 18 and R 19 may be bonded to form a ring together with carbon atoms to which they are bonded; X 1 
and X 2 may be the same or different and are each a hydrocarbon group ol 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group, a silicon-con- 
taining group, a hydrogen atom or a halogen atom; and Y 1 is a divalent hydrocarbon group of 1 to 20 carbon atoms, 
a divalent halogenated hydrocarbon group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent 

40 germanium-containing group, a divalent tin-containing group, -O-, -CO-, -S-, -SO-, -S0 2 -. -Ge-, -Sn-, -NR 20 -, - 
P(R 20 )-, -P(O)(R 20 )- ( -BR 20 - or -AIR 20 -(each R 20 may be the same or different and is a hydrocarbon group of 1 to 
20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a hydrogen atom or a halogen atom); 

L 2 M 2 X 3 2 (III) 

45 

wherein M 2 is a transition metal atom of Group 4 of the periodic table; L 2 is a derivative of a delocalized 7t-bond 
group and imparts a constraint geometric shape to an active site of the metal M 2 ; and each X 3 may be the same or 
different and is a hydrogen atom, a halogen atom, a hydrocarbon group containing 20 or less carbon atoms, a silyl 
group containing 20 or less silicon atoms, or a germyl group containing 20 or less germanium atoms; 

50 



55 



BNSDOCID: <EP 0924223A2J_> 



156 



EP 0 924 223 A2 



(R 



41 . 



X 4 R 43 X s — ( R 42 L 



42 



'm 



/ \ 
>44 t 



>45 



(IV) 



70 



75 



wherein M 3 is a transition metal atom of Groups 8 to 1 0 of the periodic table; X 4 and X 5 may be the same or different 
and are each a nitrogen atom or a phosphorus atom; R 41 and R 42 may be the same or different and are each a 
hydrogen atom or a hydrocarbon group; m and n may be the same or different, are each 1 or 2, and are numbers 
satisfying the valences of X 4 and X 5 , respectively; R 43 is 

R 50 R 55 R 50 R 57 R 52 R 57 R 50 R 55 

k >-r ss R5 >-r\ r x 

20 » ' wX. 



(R 50 . R 55 , R 51 . R 52 , R 56 and R 57 may be the same or different and are each a hydrogen atom or the same hydro- 
25 carbon group as defined for R 41 and R 42 ); two or more groups, preferably adjacent groups, of R 41 , R 42 R 50 (or R 51 , 
R 52 ) and R 55 (or R 56 , R 57 ) may be bonded to form a ring; R 44 and R 45 may be the same or different and are each 
a hydrogen atom, a halogen atom, a hydrocarbon group, -OR 46 , -SR 47 , -N(R 48 ) 2 or -P(R 49 ) 2 (R 46 to R 49 are each 
an alkyl group of 1 to 20 carbon atoms, an aryl group of 6 to 20 carbon atoms, a cycloalkyl group of 6 to 20 carbon 
atoms, an aralkyl group of 7 to 20 carbon atoms or an organosilyl group, R 48 and R 49 may be bonded to form a ring, 
30 and R 49 and R 49 may be bonded to form a ring); and R 44 and R 45 may be bonded to form a ring; 

R» 
I 

N 

35 ((E m )A) n M*X 6 F 

\ S 

N ... (V) 

R 1 ' 

40 

wherein M 4 is a transition metal atom of Groups 3 to 6 of the periodic table; R' and R" may be the same or different 
and are each a hydrogen atom, a hydrocarbon group, a halogenated hydrocarbon group, an organosilyl group or a 
hydrocarbon group substituted with a substituent containing at least one element selected from nitrogen, oxygen, 
phosphorus, sulfur and silicon; m is an integer of 0 to 2; n is an integer of 1 to 5; A is an atom of Groups 13 to 16 

45 of the periodic table, and when n is 2 or more, plural A may be the same or different; E is a substituent having at 

least one element selected from carbon, hydrogen, oxygen, halogen, nitrogen, sulfur, phosphorus, boron and sili- 
con, and when m is 2, two E may be the same or different and may be bonded to form a ring; p is an integer of 0 to 
4; and X 6 is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydro- 
carbon group of 1 to 20 carbon atoms, an oxygen-containing group, a sulfur-containing group or a silicon-contain- 
so ing group, and when p is 2 or more, plural X 6 may be the same or different; 
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10 




M X r 



. . . (VI) 



15 



20 



wherein M is a transition metal atom of Groups 3 to 11 of the periodic table; m is an integer of 1 to 3; R 1 to R 6 may 
be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a heterocyclic com- 
pound residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing group, a sulfur-con- 
taining group, a phosphorus-containing group, a silicon-containing group, a germanium-containing group or a tin- 
containing group, two or more of them may be bonded to form a ring, and when m is 2 or more, two groups of R 1 
to R 6 may be bonded, with the proviso that two R 1 are not bonded to each other; n is a number satisfying the 
valence of M; and X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-containing group, a sul- 
fur-containing group, a nitrogen-containing group, a boron-containing group, an aluminum-containing group, a 
phosphorus-containing group, a halogen-containing group, a heterocyclic compound residue, a silicon-containing 
group, a germanium-containing group or a tin-containing group, and when n is 2 or more, plural groups X may be 
the same or different and may be bonded to form a ring; 



25 



30 




(VII) 



35 



40 



45 



wherein M is a transition metal atom of Groups 3 to 1 1 of the periodic table; R 1 to R 10 may be the same or different 
and are each a hydrogen atom, a halogen atom, a hydrocarbon group, a heterocyclic compound residue, an oxy- 
gen-containing group, a nitrogen-containing group, a boron-containing group, a sulfur-containing group, a phospho- 
rus-containing group, a silicon-containing group, a germanium-containing group or a tin-containing group, and two 
or more of them may be bonded to form a ring; n is a number satisfying the valence of M; X is a hydrogen atom, a 
halogen atom, a hydrocarbon group, an oxygen-containing group, a sulfur-containing group, a nitrogen-containing 
group, a boron-containing group, an aluminum-containing group, a phosphorus-containing group, a halogen-con- 
taining group, a heterocyclic compound residue, a silicon -containing group, a germanium-containing group or a tin- 
containing group, and when n is 2 or more, plural groups X may be the same or different and may be bonded to 
form a ring; and Y is a divalent bonding group containing at least one element selected from the group consisting 
of oxygen, sulfur, carbon, nitrogen, phosphorus, silicon, selenium, tin and boron, and when Y is a hydrocarbon 
group, the hydrocarbon group is a bonding group comprising 3 or more carbon atoms; 



50 



55 



R 3 R 4 



R 5 



' N ^R* 



(VIII) 



wherein M is a transition metal atom of Groups 8 to 1 1 of the periodic table; Ft 1 to R 4 may be the same or different 



158 



BNSOOCIO: <EP 0924223A2J_> 



EP 0 924 223 A2 



10 



and are each a hydrogen atom, a halogen atom, a halogenated hydrocarbon group, a hydrocarbon group, a hete- 
rocyclic compound residue, an oxygen-containing group, a nitrogen-containing group, a boron-containing group, a 
sulfur-containing group, a phosphorus-containing group, a silicon-containing group, a germanium-containing group 
or a tin-containing group; R 5 and R 6 may be the same or different and are each a halogen atom, a halogenated 
hydrocarbon group, a hydrocarbon group, a heterocyclic compound residue, an oxygen-containing group, a nitro- 
gen-containing group, a boron-containing group, a sulfur-containing group, a phosphorus-containing group, a sili- 
con-containing group, a germanium-containing group or a tin-containing group; R 1 and R 5 , R 2 and R 6 , R 1 and R 3 , 
R 2 and R 4 , and R 3 and R 4 may be bonded to form a ring; n is a number satisfying the valence of M; X is a hydrogen 
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 
carbon atoms, an oxygen-containing group, a sulfur-containing group or a silicon-containing group, and when n is 
2 or more, plural X may be the same or different; and Y is an atom of Group 1 5 or 16 of the periodic table. 

13. The catalyst as claimed in claim 10 or 1 1, wherein the component (C) is an organoaluminum compound. 

15 14. The catalyst as claimed in claim 1 1 , further comprising (D) a particulate carrier on which only the component (A) is 
supported or the component (B) and/or the component (C) is supported together with the component (A). 

15. A process for ethylenicaily unsaturated monomer polymerization, comprising polymerizing or copolymerizing an 
ethylenically unsaturated monomer in the presence of the catalyst as claimed in any one of claims 1 1 to 14. 

20 
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(54) Catalyst component, catalyst and process for ethylenically unsaturated monomer 
polymerization 



(57) The invention relates to a catalyst component 
which can provide, in combination with a transition 
metal compound, a catalyst for ethylenically unsatu- 
rated monomer polymerization, a catalyst comprising 
the catalyst component and a transition metal com- 
pound, and a process for ethylenically unsaturated 
monomer polymerization using the catalyst. The cata- 
lyst component comprises a compound obtained by the 



reaction of, in any order, (i) a compound comprising a 
metal of Group 13 of the periodic table; (ii) a compound 
capable of reacting with the compound (0 to be bonded 
to two or more of the Group 13 metal; (iii) a compound 
capable of reacting the compound (i); and optionally (iv) 
a hydrocarbon compound or the like. 
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